FINAL TECHNICAL REPORT

NASA AMES GRANT NGR 37-008-003
JANUARY 1972 TO AUGUST 1974

© (NASA=CR=139659) ENERGY TRER 7623237
1 5T TRANSFER I
T;OLUHF*REFLECTING HEAT SHIELDS Fin:l N74=32372)
‘{isin;cal'ﬂeport, Jan. 1972 = Aug. 1974
f Sa Univ.) 75 p HC $6.75 C5CL 20m Unclas

m G3/33 46881

ENERGY TRANSFER IN VOLUME-REFLECTING HEAT SHIELDS

o - Univensity of Tulsa
'Department of Mechanical Engineering
Tulsa, Oklahoma 74104
Dr. Kenneth C. Weston

- Principal Investigator




FINAL TECHNICAL REPORT AUGUST 1974
NASA AMES GRANT NGR 37-008-003*

- Volume reflecting materials constitute a class of dielecfrics which are capable
of o high level of intemal scattering such'?hcﬁ a ‘significani’ fraction c;)f aﬁ incident flux
emerges -from the iAncident ﬂu>-< surface. As such the primary modes of energy transfer in
these materials are conductive and radliaﬁve transfer. The research performed undér-thfs
grant has focussed on the calculation of radiative transfer in highly scattering materials,
both b* exact and approximate means,and the interaction ‘oF radiative transfer in such
‘materiols with the conduction mechonism, in both steady and transient modes.

A-n approximate analysis of radiative transfer in highly scattering materials was
déveloped based on the Kubelka-Munk differential equaiions—-a set of two differentic!
equations representing the spatial rate of change of radiative hclf—F.!uxes within the
| ‘scottering media. These cpproximate sélufions of the Kubelka-Munk equations together
yvithhnalyﬁc solutions for the sfeﬁdy state temperature distribution for two types of
boundary conc.iiﬁgnso;"e given in reference 1. These solutions show the influence of back
surface reflectance, .sccsi'fering'power,ir;::ideni fudicﬁ#e flux parameler and boundary-
conductive flux parameter on overall reflectance and temperature distributions. Thfs
| ‘radiuﬁcn field analysis; adapted to spherical geometry, was appliea in reference 2 fo- the
evaluation of the thermal performance of teflon and fritted quartz as heat profecﬁoﬁ

- materials for enfry into the afmosphere of Jupiter,

*The NASA Technical Officer for this grant is Dr. Phillip R. Nachfsherm,
NASA Ames Research Cenfer, Moffett Field, California 94035.
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Twe exact analytic solutions for fransient fempe.rufure distributions in noﬁ-‘-emiffing,
plane pcfalle!, diffuse reflectors were developed based on the approximate radiation field
model presented in reference 1. The first of the initial-boundary value problems considered
(reference 3) deals with transient development of the steady sf;:fe solutions for the tempera-
ture in highly scattering medi; presented in reference. 1. The soluf'Ion proceeds from an
initially uniform temperature distribution with an instantaneous change in temperature at
one boundary and a zero conductive flux at the other boﬁndary. The theory is applied to
"fhe transient heating of a 1 cm. quartz slab in reference 3. Results obtained are similar to
those presented in reference 2 for the more complex case of cylindrical geometry. Howsver,
_the solution is much simpler for the plane pcrd!le;l geometry. Reference 3 also presents an
‘evaluation of the adequacy of the Kubelka=Munk reflectance solution for zéro absorption
‘when applied to the determination of the reflectance of highly scattering and weakly
absarbing media. The importance .of using accurate overall reflectance values in the
solution is demonsirated. The inF!uenée of rear surface reflectance, scattering power, and
absorpfion coefficient-scattering coefficient rdfio-on overall media reflectance is also |
briefly discussed bc:seci on the Kubelk;:s-l\/k:nk theory in reference 3.

The second analytic solution referred to above treats the more involved un-
steady temperature development arising from specified constant radiative and conduc-
tive fluxé:s at one boundary and vanishing tempercture gradient ot the other boundary
(referenc; 5). It was shown that the solutions increase or decrease in Hmé monot -

- onically for a given incident radictive flux depending on the value of the boundary
-conducﬁver‘heoi- flux. A relcf.ion was also obfained defining @ singulor condition for
which a steady state exists. This relation obrcingd,by study of the analytic selution
-may also be obtained by mecns of o steady state energy balance on the di-ff;Jse

™.
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reflector. Sample resylts showing unsteady temperature development for cases of asymp-
: -roﬁcally ir;cfeusing and decréc:sing temperature and for the criﬁgc! case are also
presenfed in reference 4. So;ne of the details of the analyses not presenféd in references
3 and 4 aré given in reference 5.

While approximate solutions such as those discussed above are useful in making
m;:ict estimates in preliminary desfgn- and in guiding qualitative thought, more precise
representations of radiative transfer and temperature fields may be required for design

“purposes. Toward .?his end a method of coupling solutions of the equation of radiative
transfer and energy equation was developed (reference 6). This- c-omplex technique,
utilizing the method of idempotents to generate a quasi-steady radiation field, determines
an instantaneous temperature field by solving the thermal energy equaticn (including
~radiative flux divergence term) using an explicit f?nite_differencescherﬁe. The resulting
temperature field then couples with the radiative transfer solution through radiative emis-
sionr. The method was applied to the cnal)-fsis of the transient develo-pmer:f of the coupled,
steady state temperatyre and radiation field disrribuﬁqﬁs befwee;a two opaque, _pcn‘iu.ily
reflecting boundaries. The intervening media were allowed participation in the energy
'exchcnge through the mechanisms of radiative cbﬁorpfion, emission cnd‘isofropic scattering
and thmﬁgh the mechanism of thermal conduction. Reference 6 shows that this mefhpd
accurafe!y réproduces transient, non-scattering results in the literature as special cases.
The methed was also used fo generafe steady state results for comparison with exisfinél
isotropic scaftering solutions in ﬂae ]iferdfuré. Reference 7, on extension and refinement
-of the work of referencé é, presents i:»reviously unlo'vai lable fransient solutions ‘fo"r fhe -
plane-‘pérollel. radiation field problem in which isofrr;-pic scaftering is present. Theser

“parametric sfudies of the influence of the effects of optical thickness, albedo, boundary



emissivity and conduction-radiation parameter on the temperature and energy f!ux‘
distributions in semi-transparent media may be régcrded as exact, within the limitations
of the spatial and directional discretization inherent in the explicit finite difference
represe:;arc;fion of the energy eq;J.uHc'm and the Gaussian Quadrature re_;-:aresenfc:fion of
the transfer equation scattering infégrcl . The very complex computer program
developed to obtain these solutions ‘was gi;&;fen the acronym CURCES for the Combined
Unsteady Radiafive and Cond.ucfive‘ Energy System. A listing of the program is given in
an appendix of reference 6.

‘While the CURCES program provided the milestone in unsteady coupled radiati - |
-and co:;ducﬁve energy transfer published in reference 7, it was cumbersome to use and
lacked flexibility for adaptation to more complex problems. For rinsfcmce, the idempotent
~method usec.! in CURCES is mathematically incompatible with spatially varying radiative
property distributions. .As a result further solutions of the radiative transfer equation were
~ obtained through the develop ment of a series of programs using an iterative technique and
therefore bearing the écronym ITERAD fpr Iteration of Radiation. A discussion of the basic
solution method and its convergence is given in reference 8. A comparison of the reflect~
“ance of @ spet.;ific diffuse reflector as computed by the CURCES and ITERAD programs is

given in Table 1.

TABLE 1.
Number of . ' Reflectance®
Ordindtes CURCES ITERAD
2 L ' .8678 ' 8672
4 8649 o - .B646
6 _ .8637 -~ 8633
8 : _ 8632 - .B627
10 -— .B625
12 ' ' - ' .8623
14 - = .8622

*Albedo = .9995, Optical Thickngsls 3."!77., Rear Surfucé Reflectance =0.8
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It is clear that the two sets of results agree very well and demonstrafe the improve~
ment in accuracy and diminishing refumns a-s.sociafed with increasing quadrature order.
These results may also be compared with the value .875 obtained from the Kubelka-Munk
-equation (5) of reference 1. Further evidence of fh;consisfency of the CURCES and
ITERAD programs is shown in figure 2 of reference’8. There individual radiation field
intensity distributions inside a highly scattering medium calculated by the two methods
are shown to be in very good agreement. Reference 8 also shows good agreement of
‘ITERAD reflectance calculations with valyes from the lif;arafure over a wide range of |
rt:;diafion parameters. |

_Through adaptation of the ITERAD program a study of the inffue:;sce of cnisofr&;py.
on the reflectance and internal rqdiaﬁon fiefd of a highly.scafrering material was madé.
Some results of this study for fhelphase function: P (9) =wl| + xcos €] are given in reFe.r-

-ence 8. Here yis the scattering albedo, 8is the angle between linc0ming und outgoing

beams and x is an anisctropy pc:rc:meter.such that one obtains

~‘net backward scaﬂering‘For v =1.0&x<0
isotropic scattering for ~ x =0
net forward scattering for D<xg 1.0

The results demonstrate that net forward scaffering-allows the penetration of radiation to
greater depths than isotropic scatfering and cc:uses ~ greater infe;'nal energy conv-ersion

to l‘hermc:l ;nergy {-hrbugh media and rear surface cbs’orpﬁon.- The reverse effect is obtained
for net b;::ckwc:rd. scdffering; As might be expected backward scattering increases overall
reflectance while forward scattering decreases refle;tance. Reference 8 shows the

influence of anisotropy of scattering on the radiative flux and radiative flux divergence .

distributions as well as on the intensity fieid.




An extensive effort was put forwdrrj in this program to evaluate two flux theories
with ;espect to the fransfer equation. It is demonstrated in reference 8 that the Schuster-
‘Schwarzschild two-flux equations may be obtained by integration of the equation of
“rodiative transfer over fwo hemispheres for which the radiation Field is given by

l';('r) M0
Hn = {:'(-r)’, <0

{t is shown thot the Kubelka-Munk equations are idenfical to the Schuster-Schwarzschild
3 equafions when a simple set of relations exist between the scattering and absorption co-

efficients of the two theories. If is‘péinfed out in reference 8 that the relations between
the coefficients of the fwo theories depend on the nature of the intensity field. A case in
the literature is cited for which a diffe_rénf séf of relations is obtained. |

Computaﬁons are presen;ed in reference 8 which compare transfer equation solu-
tions with reflectance,. radiative flux, and flux divergence obtained from Kubelka~Munk
qnaly_ses: It is demonﬁtrutea that the Kubelka~Munk two-flux c:nca[‘ysis s Cﬁpﬂbl& of
reasonable approximation o'f transfer equation results. The approximate radiative flux
ur{d rodioti ve flux divergence re!crio;s of reference 1 are shown to be accurate only for
u!bedo very near unity. The influence of the relation between the tronsfer equation
parameters and the Kubelka-Munk coefficients on the radiative calculation comparison
is also exomined.

The iteration procedure for solving the transfer equation was applied to the

determination of the rudiation field and related parameters for a scattering medium with

“non-unity refractive index. A detailed study (reference 9) showed that certain caleula-" " .. -

Fions in the literature had significant errors because of the poor approximation of the -
scattering integral with the standord Gaussian quadrature. There it was shown using an

:approximate model and verified using transfer equation solutions that direct application



of Gaussian quadrature to the evaluation of the scaftering integral can result in large
errorsi in cerfain cases. This cccuns because of the presence of a discontinuity at the
crifical angle for total intemal reflection. Appficaﬁon of the model also showed that
the error for a gilven quadrature order is not necessarily a monofonic function of the
index of refraction and that it is possible under certain ccl)ﬁdiﬁons fo incr:ease.r"atber
than decrease error by increasing cpodrczm.re order. Reference 9 also shows the signi=
ficant error feducﬁon possible .by tailoring the quadrature approximation of the scatter—
ing intégrcl fo-fhe critical anglié for total intemal reflection. The model of reference 9
is uIs;:v briefly apélied to demonstrate that no errer exists in the scatfering Enregrdl ﬁs a
result of the discontinuity at it =0 in the unity refractive index rudiation field.

A study of seve?ol cltematives for application of Gaussian quadratu res to avoid-...;
the discontinuity error pointed out in reference 9 is reported in reference 10. There, by
extrapolation of an increasingly accurate sequence of fmnsfear ec:iuoi'ion refiéc;}‘cgc'e vu!ueé, '
precise values are obtained which are employed to evolucte the adequocy for difconf'?nuity
error aveidance oFlseverul Gaussian quadrafure ;ombinaﬁons involving -sixfeen ?_,oral .

directions. [t was found that the combination of fifth order qucdratu}e in each of the
forward and rearward critical cones end sixth ordér quadrature oufside yields the most
accurate reflectance solutions for sixfeen fotal direcﬁons (on the avercge). Asa resul-f‘
the tronsfer equafion iteration program was revised fo incorporate this combination. A
number of solutions have been obtained wif‘h the revised program for refractive indices
of 1.2 and 1.4, Reﬂectunce_:val.ués for layers of finite onicﬁl thickness ond refractive
indices of 1.2 and 1.4 are tcbulqi:ed in reference 10 along with o comparison of unity
refractive index reflectances from severq[ sources. . Thi; collection is the first compari=~

son of several sources of unity refractive index reflectances,and the first tabulation of |



non-unity refractive index reflectances for the condit‘_ions cénsfdered{which is known to
the érincipol rinvesﬁgator.

" A final version of the transfer equation iteration program was developed which
incorporated all the features in prior iteration prdgmm;_cs discussed above as well as
certain other useful features. These features i.n:clude a capability of treating composite
plane layers with selsvercl differing values of absorption and scattering coefficient and
a capability of treating rudiqﬁon‘ problems with non-gray incident flux distributions and
property dis’.‘-ributions. This program called the Band Model Program is discussed in the

: accompanying-appendix. A listing of the program and several test cases demonstrating
the band model capability and t_hé spatial proper;fy variation capability are included

there.



10.

REFERENCES

Weston, Kenneth C., Howe, John T. and Green, Michael J., 'Approximdte
Temperature Distribution for a Diffuse, Highly Reflecfmg Mc:fenaf " AlAA Journal,
Vol. 10, No. 9, Sept. 1972, pp 1252- 1254, '

Howe, John T., Green, Michael J., and Weston, Kenneth C.,"Thermal Shielding
by Subllmmg Volume Ref[ecfors in Convective and Infense Rad:ahve Environments, "

AIAA Joumal, Vol. 11, No. 7, July 1973, pp 989-9%94.

Weston, Kenneth C., and AReddy, R. 5., "Reflectance and Temperature Distribution
in Diffuse Reflectors,” AIAA Joumal, Vol. 11, No. 12, Dec. 1973, pp 1775-1777.

Weston, Kennth C., and Reddy, R. S., "Unsteady Temperature Distribution in Volyme
Reflectors.” AIAA Joumal, Vol. 12, No. 5, May 1974, pp 716-718.

Reddy, Reddivari 5., "Approximate Ang lyses- for the Transient Thermal Response of A

- Weakly Absorbing Medium Undergoing Combined Conductive and Radiative Transfer, "

Masters Thesis, 1973, The University of Tulsa, Tulsa, Oklahoma.

Hauth, Jerry L., "Transient Simultaneous Conductive and Radiative Heat Transfer in
Absorbmg, Emlﬁ'mg and Scattering Materials,” Masters Thesus, 1972, The University
of Tulsa, Tulsa, Oklahoma.

Weston, K. C. and Hauth, J. L., "Unsteady Combined Radiation and Conduction in

an Absorbing, Scattering, and Emitting Medium" Transactions of the ASME, Series C,
Joumal of Heat Transfer, Yol. 95, No. 3, Aug. 1973, pp 357-364. Also published
as ASME Paper 73-HT-J.

Weston, Kenneth C., Reynolds, Albert C. Jr., Alikhan, Arif, and Drago, Daniel W.,

"Radiative Transfer in Highly Scattering Materials - Numerical Solution and Evaluciion
of Approximate Analytic Solutions.™ Submitted for publication in AIAA Journal on
August 2, 1974, '

Weston, Kenneth C. and Drago, Daniel W., "Discontinuities in Radiative Transfer

Analysis Using Quadrature Formulae, " Accepfed for publication in the Transactions
of fhe ASME, Joumal of Heat Transfer on Augusf 6, 1974. -

Drcgo, Daniel W. and Weston, Kenneth C., "Reﬂecfcnce of Finite, Plcmé, Absorbing
and Scattering Layers with Non-Unity Refractive Index and the Influence of Gaussian
Quadrature on Accuracy, " Submitted to the Joumal of Heat Transfer.

a‘\



"APPENDIX

FINAL BAND MODEL PROGRAM DESCRIPTION

By Daniel W. Drago

-Qver the post few yeors at the University of Tulsa, a program has been des:gned crnd
developed to apprOxlmcre the soluhon of the transfer equation os it upphes to a scuHenng,
absorbing, emitting, plane-parallel, semi-infinite slab subject to a diffuse, mc1denf, radia-
t:ve flux.* The slab is bounded on the rear by a specularly reflecting surface which is
modeled using either uniform or Fresnel reflectance. The temperature distribution in the
slob may be an arbitrarily specified function or constant. This program does not analyze
: ,éhq.nges in the tempemturé field over time but could easily be modified to do so.

The incident rodiotive flux and subsequent so_lution_s of the intemal radiation field
may be divided into several band -widths to allow for wave length differentials in the
- absqrption scattering characteristi cs; of the slab and for band~dependent v-clues of the inci-
dent flux. The slab may als§ bg modeled with several different layers of materials to study
the reflective beha\;vicr of a composite slab.. This progrdm uses Gaussian quadrature for the
approximation of the sccxfteriﬁg iﬁfegrcl§ and the overall reflectance of the slub. The program
computes fhe beam intensities at equally spaced sfchons, or nodes, throughout. the slab The
output confams the iterated beam intensities for all stations within the slab os well as fhe net

radiative flux and net radiative flux divergence for all nodes. The program is able to handle

*A discussion of the theory, program equations, conve rgence and results are given
in Radiative Transfer in Highly Scattering Materials = Numerical Solution and’ Evaluahon
of Approx:mc:fe Analytic Solutions™ by Kenneth C. Wesfon, ef al. :



.r_lon-u'nify indgx of refraction cases and either isotropic or non-isotropic scattering.

T};e best way to describe this program's capabilities and limitations s fo present
its necessary input and resultant output. Three specit! cases have been run and are
discussed below os representative of the various output formats. Immediately below is |
a description of all input dafa including their prograﬁmed range of values {the order of
-presentcﬁon corresponds fo the instructions found on the first page of the program listing):
?_\I_E_- One of the most crucial decisions when setting up the da;l'cs is the nuﬁber of nodes
to use for the slab. In an earlier paper (see footnote on page 1), the minimum number of

nodes was found to be dependent on the optical thickness of the slab, its albedo, and k.

quadrature used:
7 = Q. w/Z

NDS > 1 +71, (l
I‘..l-l;

) for all i, | | (A])

As an example, wi.th uﬁiry index of refraction (this program uses 16th quadrature when

the index is one), w= .9995, and To™ 5, a minimum of 4% nodes would be necessary to
obtain a smooth convergent solution. It has been our experience, however, that accuracy
of the solurﬁo_n increases as the number of nodes is -increased._ It is sﬁggesfed to yse 2 .t'o"3
ﬁmes the minimum number from (A1) to insure high occumc}. Range: 11 751 in incremants
of 10.- | |

:lﬂgﬁ_- The depth of the slab is urbi%m_ry as long a.s fhe. necessary qpﬂco[ thickness is
~maintained Constant values of the scattering and aEsorpﬁon coefficients may be used-for
-a variety of different optical depths Qifh the oniy necessary adjusfment fo the data being in
the thickness of the s{cE. For a multi-layer analysis, the slab is divided into five layers,

. each having a depth of 1/5 “of THICK. Range: greater than zero. |

'_[__O_!;- The program iterates back and forth through the slab solving for new volue'_s of the

inténsiry field until the sum of the squares of the differences between the old and new



values (PARAM) is less than the set tolerance (TOL). For no changes in the fifth signi-

ficant digit in the field a tolerance of 1040 is necessary. Range: greater than zero.

ig_ - The program will abort if it reaches I_EEL iterations before obtaining a solution.
Through some careless input of data @ non-convergent situation may be encountered
which would lead fc; an infinite loop. _'{E_S_;[termindfes computations in this event. This
variable may also be set to a v.er); small number to determine initially if the input data

is in need of adjustment before making o fong, expensive run. Range: greater than zero.

m-— For the standard case the output contains information only from the last iteratic.:.
Cne of the bands may be degigmred as a spec;'c:l band which informs the computer to print
the information .For .th‘e first, second, every PRINT, and the final iteration. For exc:mple,‘
' ifﬁfﬂ_N_J =10 and the computed PARAM became less than TOL on the 53rd iteration, the

program wou-ld print out all data on the following iterations: 1, 2, 10, 20, 30, 40, 50,

and 53. Range: Greater than zero.

NONDM - Dimensionless acfc rﬁcy be requested and will enly appear for the ﬁnc:l
“iteration. Beam intensities are divided by the incident beam intensity. Radiative flux

- is divided by the incident flux. Flux divergence is divided by the absorption coefficient-
incident flux productl: In the case of different Vahl;es for the absofpﬁon coefficient through
‘the slab, i'h‘e dimensionless values for the flux dwergence will be based on i'he coefficient
For the 5fh or bottom, layer. Range Qor 1.

3_N_Q_S_ - This variable tells the compufer which bands to run and which one is a special
band. Ifonly a sfngle stondard band is being mwn, this card would conféin a "1"in the

_ first column. If the first, second, and fourth bands were to be run with the seéond band

as special, the data would be "1201". This data must be left justified on the card. Range:

-0, 1, or 2 for each of 10 bands.



TEMPD - This sets the temperatyre distribution through the slab. Four options are avail-

able: 1) The temperature at the front wall is used through the slab with the back wall
temp independently set; 2) The back wall temp is used throughout with the front wall

independently set; 3) The temperature falls or rises linearly from the front to the rear

‘surface temp; and 4) The temperature for each node is individually read in. The first

three options require reading in only the front and rear surface temperature while the

fourth requires temperatures for all nodes. Range: Integers one through four.

]__S__QI - The sc;oﬁering fun;:fion is set by this variable. (See paper Iisf‘ed in page 1 foot~
note). Maximum forward scattering is achieved by o value of +1 while max backwards is
~1. lsotropic s;:qftering occurs when this varioble is 0. K" on the same card determines
whether this variable is read in for each layer of .fhe slab or whether the first value is

repeated for all 5 layers. Range: -1to .

N - The index of refraction outside the front boundary is assumed to be 1. The slab itself

may take on a different index which may be bond-dependent. Range: Greater or equal

to 1.0, L

RB - This data may be used for either uniform or Fresnel back surface reflection. The value

of K determines which back surface condition is used and whether one value is used for the

- slab or ten band~dependent values are read in. If the Fresnel relationship is used, the

real compbnenr (N!)and the imaginary component (KI) of the substrate refractive index

" must both be read in. The program also checks to see if the Fresnel components are within

the range prescribed for the approximation the program utilizes in this case, and will flag

the oufpui"if the data is out of range. Range: For RB, 0+ 1; for NI and K1, positive.

9_9 =~ The band-dependent incident flux may be set for any value greater than zero.



LAMBDA - This is the upper wave length limit in centimeters of a particular band. The
program finds the lower limit to the band from the data on the previous band (for the first
bur;d it assumes o lower Hmi‘t of zero). The width of the band determines the amounf of

energy introduced into the slab by emission in that particular band. Range: 01079,

.ABSCO - The absorption coefficient may be any non—negative value.

SCATCO The scattering coefficient may also be any no.n-negaﬁve value. As described
in the program listing, a set of the last few cards must be read in for each band up to the
‘largest band number referred to in BNDS. Forexample, if EI_‘_‘J_D_S_ contains "101201"%
~ information must be read in for all OF, the first six bandg.

The program listing contains further exp!ohcﬁon on the format of the input data
,curds. and their order. Unless otherwise ;sfofe_d one card must be used for each card number

referred to in the listing. 8A ond B must be separate cards from 8. The data on the first

- . six cards may be punched in any format but should be left justified.

The final form of the program is presented below. This has been run on a XEROX
SIGMA 5 with FORTRAN IV, Neceﬁsary adjustments must be made to the input/output
-V:rsiafemenis before the program may be used on another sysfém. Coﬁmen? cards have been
, inseriéd strategically in the program to assist the alert and courageous user attempting to
~understand fhe logic behind the statements.

Three test cases are also presented below as an aid to understanding the various
-output formats. The first case involves two bands with different indices of refraction. In

this particular case the data for two t;cses was identical except for the index of refraction
and as such were combined info one slab with the ind.ividucl band output studied. Looking

at the output, the data common to all bands is printed out first along with the number of



the different bands to be run. The temperature for each node is printed ne#i as a double
check for fHe .pmgmmmer. The scattering chamcterisfié_i_s;g_l' is printed for each layer
followed by the units for the beam intensities, flux, and flux divergence .
The next page of the output starts with the data peculic.r to Band 1. The absorption
(K) and scattering (s) coefficients ore pri.nlfed by layer. The Gaussion directions and
weights for the eight forword directed beams are printed out since they are a function of
the index of refraction (because tEe p.rogrc:m incormﬁ}es disconﬁnuity_ error avoidance) .
_With non-unity index of refraction three quadrature formulae are used to avoid disconﬁn.u—_
ity errors (as discussed in Appendix B of the Semi-Annuoj Status report for the period
J_c:nuory to June 1974).
| The wave length interval is computed as described above. The input data is read
-in cenﬁmél‘ers qndrinternclly converted to microns.

_ F!-O. —-Lf) describes the black body fraction of the emission ot each node for this
band. Since this fraction is dependent on femperc:fu're and band width, all the nodes are
p;'l'ni'ed. In the case of zero femperatfure, garE;cge may appear in this output although this
in no way affects the accuracy of the calculation of the intensity field. |

CRTis fhe cosine of the critical angle for total intemal reflection at the front

boundary while CRTDG is CRT converted to degrees.

| &_F_l_.j_:s the reflectance on the inside surface for each of the eight Gaussian direc-
~tions as prir;fed out above. _R_f:"l_._C_)_rs the reflectance on the outside of the slab as computed
for each direction corresponding f.o a singfe 16th or&er quadfafure application. The' reason

for the difference between the quadrature formulae directions for RFLO and RFLI will be

- discussed below.

Information on the final iteration is printed next. Since this is a standard cose,

only every 10th node is printed. From 1to 101 are listed the intensities of the forward



directed bea_ms and from 101 to 1, those for the backward directed beams. ﬁcorresponds
to the beam intensity in the first GcL;ssian direction. PARAM is printed to double check
that the solution did converge to the desired accuracy.
The dimensionless dafc‘ is also printed for only every 10th node. This calculation
is followed by('] reflectance field calculation, with the following explanation: The
Goussian quadrature combination printed at the beginning of this band output was caleu-
laﬂi'ed so as to avoid a large error c;ssocici*ed with the critical angle of totol intemnal
reflection. The reflectance field calculation (only used with non-unity index of refrac~
tion) uses the 16 intemaf directions corresponding to the 16 extemal directions in 1éth
order quadrature. The program iterates across these new directions within the already
established intensity distribution. This is done to calculate, by usiﬁg RFLO, the value of
the reflected beams on the outside of fhé' slab in those directions corresponding to 16th
order ciuudmfureI so that the intensiﬁes may be readily integrated into a very accurate
-estimate of the overall slab reflectance. Immediotely follc;wing this print out is the
d.imensionless value of the intensity field én the outsi;ie of the slab in the eight backward
directions. From this the band-dependent slab ref!ecrcxﬁce is calculated and printed. This
reflectance value is saved from each band to form an overc.:H reflectance for the slab.
| On the next pages of the output the data for the second band, which follows the
format descrxibed cbove for the first bun.d,is given. Note that the Gaussian directions and
weights cxre; not the same for the fwo bands. ’
The second special case was run to fest the composite data from o multi-band slab
“analysis. The incident flux for each band was chosen such that the cormposii'e data corre-

sponds to a single black band case with 459.646 Wc:-tts./c;m2 incident flux. A comparison

‘was made with a previously run single black band case and the two were found to match




\.Hell within allowable errors. Also in this test case the second bond was run as a special
band to demonstrate the output format for o speciaf band. The output starts with the
special band information. Note here fhc;f' the black body fractions are nén-_zero due to
the non=-zero temperature distribution. The printout for the special case is similar to the
standard excei.:)t it contains the calculated reflectances across the front boundary from the
outside in (RO) and the inside out (B_I). Also printed is the starting routine where the
Kubelka-Munk approximation is used to provfde a first value for the intensity at each
node from which to iterate the intensity field. The printout contains the information on
all nodes for the first, s.e_con‘d, every 7th, and final iteration, although most of these
- pages were left out here for brevity in the presentation.
On the following pages are the output for the first, second and third bands. Notice
_ ﬂ'laf-fhe condensed information from fhelsecond, or‘ special, band is repeated in ifs appro-
priate place in the outpuf.. After fhe third band theroverollﬂref[ecfcnce is printed out
followed by the summed net radiative flux and net radiative flux divergence from all three
Bands.
In the third test case a slab is divided into two layers as described on the prinfout.
This single band case is run as o special band so that the i-nfensity distribution may be ciosely
studied node by node .near the interface between ﬂ;xe layers. The dimensionless value for the
final itemﬁfon is presented in its entirety since this particular case generates a most inter-
~ esting inter;sify field.
As a rule much more detailed information is printed out on a special band than on a
standard band but the computer ﬁme-is propoﬁicncfély longer since the printer is working
: l-onger. | |
.The program has Been diligently checked out and has shown no visibl.e >errors within

the limits oF‘fhe cases studied .
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" 8As TEMPERATURE FRONT WALL
BBs TEMPERATURE BACK WALL

FINAL TBAND MODEL PROGRAM

COMMBN F,1POS, INEG, IPBSP, INEGP, SAVE '
REAL AI&l:AA;Al:AE:BBJBIJBE:BETJClpCEJC3JCRT:CRTDG:DOR(751I;DGRDYJ
{DARSAV(751)sDY,DIV,DMLARIDMLDGR,F 110,751 15F 12 IPBS(BITE1}sIPOSNY
2INEGIB»781 ) IPBSP IR, 7511 INEGP{B2 7512 KI {10V sKF{10sS e KKM,LAMBDAL
310),ISBT(S)IMUIBI s MUPLB) s MUBIMUUIN{LI0)1sB0ARFLI)OARFL1IVBARFLZIPARAMS
HPHASE(B,B)sPHASCO,PHASKG,R(751)12QT,0RRsOTP,GRP D1 10120600, 0R5AY (75
BL1)2RB(10))RBBIRIN/RFLIIB)IZRFLOIBIIRJIIRISRI10),RO»S»5125F (102512510
REAL SAVE(308s11),5UMsSINMUSSINMUB,SKMsT(751) TBW2TFWLTKs TERM,
ITHICK, TOLAVIVALUESY JA3JA4:C4JFRFLB!IDiJFRFLI(10J3|JFRFLU(BII
EDMLfS)}KFFJSFFJNNJRFIB'JMUI‘8}1AU118]

INTEGER ABGRTJBNnt11)JBNDSl10}:IJIJ:II:IK:IL:IlellolJIJJJJLJJKJ
1UMAdP S USIIT U2 JRIJB» JUVs K KIG KR KFRES) Lo LL2 LJsLLLALMT (612 MM
R NDS)NUNDH:PRINT:PRTVARJPLACEI8l:TEMPDlTEST)JA

DATA INPUT, BY ‘CARD

'NDS = NUMBER OF NBDES

THICK = THICKNESS IN CM

TOL = PARAM TQLERANCE-_ |
TEST = MAXIMUM NUMBER BF ITERATIBNS - .

PRINT = FER SPECIAL BAND, PRINTS FIRST, SECOND, EVERY (PRINT)s
AND LAST ITERATION o . :

NENDM = Q=N&s 1=YES |
BNDS = T@ SET UP BANDS, 1011, 0=DEN'T WORKs 1«STANDARD, 2=SPECIAL

TEMPD = TEMPERATURE DISTRIBUTIBN, i=FW THROUGHBUT, BWj

. Bbnont

8brcot
BoOCQ2
BDnG3
BOOOY
BDOOS
Bbnosk
BDoQ7
BOOOSB

"BDbno8y

80009

BOO1O

B8oott

2=FW, BW THROUGHBUT; 3¢FW LINEAR Bw: 4=READ IN DISTRIBUTION.

IF 1=3, : , o Y

t

IF 4,

8A » BT FRONT WALL T8 BACK, BY NBDEs 10F8+3

KsISOT(I1,5F10¢7) = ANISOTROPY BY DEPTH. K0, FIRST VALUE REPEATED,

K=1s ALL 5 VALUES ON CARDe

KsN(I1510F73) = INDEX OF REFRACTIOGN OF HMEDIUM BY BAND« K A5 AHOVE.

‘ KJRB(II:10F7t3l = RB, BR NI 1F USING FRESNEL RELATIBNSHIPSJ BOTH 8Y BlNﬂo .
Tns e A a -, AR Ras FRYCONFL. VL UHESR, '
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51
22
53
54
55
+1-X
57
58»
59
60
61+
62
63
Ehe
65«
66
67
68,
69,
70
AR
-
73,
The
75
760
77
78
79.
80
Bl
32
83
B4
85
8éq
87
88+
B9,
9Q .
9l
92+
93,
4.
95
B6
97
98,

" -

c

OO DONODOO0OO00O0000000Cc

Ve k2 v ER Tl s 1y vww =8l l“ ToRiry Ml AW Y MV

w 2 NI AND KI REPEATEDs, ALTHBUGH KI BN SECOND CARD (10F7+¢3)

‘w 5, NI AND KI READ INos

LIMIT @F BANDt

13« KF{JI{5F10+6) = ABSCB,SCATCO, USING THE K FROM CARD 12, :

' . K=0, BNE VALUE FOBR EACH BN THIS CARD; K=1, ONE VALUE FER ABSCUJ
5 VALUES FBR SCATCHO BN NEXT CARDISF10+6)) Ke=2, & VALUES FOR ABS
BNE VALUE FBR SCATCO DN SECEND CARD3 Kw3, 5 VALUES FOR EACH.

14s LAST CARD = MUST HAVE '4' IN FIRST CBLUHN'BF-FIRST CARD, FOLLOWED B
BLANK CARD.»

DATA MULL1 ) »sMUL2)2MUL3) s MULE) /0 095012509841028160355078104580167776
1626172762444 0/

DATA MU(S)aMUIB)IMU(TIaMUIBI/» 75540440836)t86563120239!'9445750230
172+98940093499/ :

DATA Al1lJA(E}!A(3]J#(4!/'139450610“6:'182603415049'169156519401
114959598882, . |

DATA A(Sl:A(éliA(7)JAt3)/ 12462597126:009515851168!'06225352394:
102715245941/

S = 5.6699E=12

DB 4151 = 128

MUL(L) = MUGI)

415 AUL(I) = A(I)

BARFLL = Qe
OARFL2 = Qo
ABBRT = 0
INPUT NDS, THICK, TBL, TESTsPRINT,NONDM
BUTPUT NDS,TBL,TESTsPRINTsNENDM
PRINT 901, THICK

901 FBRMAT(1Xs 'THICK =1,F8e5, CM!}

DB 4001 = 1,NDS \

QRSAV(I) = O

400 DQRSAV(I) = 0s

SET UP BANDS.

READ 1,BNDS
1 FORMAT(10I1)

1 = 1

BNDEL1) = O

DO 21 = 2,141
T - MNae

ad

K

K = 3, NI READ IN, KI REPEATEDs K = 4, NI REPEATED, KI READ IN.
T K , : ‘

" NOTE: CARDS 12s 13s AND 13A (IF REGUIRED) MUST BE REPEATED FOR EACH BAND(J?.

Ry KJUﬂiJ)!LAMBDA(J)IIl:FlS-?:EIO 5) « INCIDENT RADIATIVE FLUX AND UPPER

Ca,

Y

BDO12

80013
BDO14
BDG1S
BDO16
BDO17

. BDD1SB

BDO19
Bpoza
BDn201
Bbpao2
BDO203
BD030O
80031
BDo32
BD033
BDO34
BDO341
BD0342
BDO35

.BD036

BD0o37

BD0O38
BDO39
BDOKO
BOCH1
BDO4Z

nAnt 21



iUl
1071
102
103»
104
105
106
107

108

109,
110
111
112+
113.
o114,

"115»
116
117
118,
119.
120+
121,
122+
123,
124
125+
126
127
128+
129
130,
131
132,
133+
134
135

136

137
138.
139,
140
141,
142
143
144,
145
146+
147
148
149

1N

c

O ah

IO0

w F

SET uP TEMPERATURE DISTRIBUTION

11

12
14
15

13

17

10

18

16
19

SET UP ANIS@TRBPY DISTRIBUTIEN

20

21
23
ee
24

wivk b U

IF(BNDSIT = 1) = 112,324

BND{1) a T = 1
BNDI(IJ + 1) = ] = )
IJ = 1d + 1

 CONTINUE

11 = 2
IFIBND(1Y)YT72726
1T = 1

IF(IJ = 215,827
1 = 1

BND(2) = 0

PRINT 8,BNDS, (BND(I1)s1 = 1s1J) _ o
SPECIAL =wi,12,!

FGRMAT(' BNDS = ',10I1/"

INPUT TEMPD

BUTPUT TEMPD

IF{TEMPD = 319,9:10
INPUT TFW,TBW

T(1}) = TFHW

T(NDS) . = TBW

IF(TEMPD = 2)113,12,13

CTK = TFH

GO TO 14
TK = TBW
D8 151 = 2,NDS=}
T(I) = TK
G8 T8 16

TK = {TFW = TBW)/(NDS = 10)
DB 171 = 2,NDS = 1

T(Iy = TtI = 1) = TK

GO TO 16

READ 18,(T(ItsI = 1,NDS)
FORMAT ((10F8+¢3))

PRINT 19,(T(1),1 = 1,NDS)
FARMAT(?! TEMP = 'J10F9-3/1X1'(KELVINI'/¢8K110F9-3/))

READ 20,K,1580T
FORMAT(I1,5F10+7)
IF(K121,21s22

Da 231 = 2,5
1S8T(I) = 1SBT(1)
PRINT 24,1807

FORMAT (' IS8T = ?,5F1147/)

SET UP INDEX BF REFRACTIEN

 STANDARD ==1,1013/)

}

LR e
BDO44
BDO4S
BDO46
BRO47
BDO48
BDO#49
BDOSD
BDOS51
BDOS?2
BDGOB3
BDOS4

BDOSS

BDOS6

BDOS7?
BDOSE
BDO5Y
BDO&D
BDNG1
BDN6Z
BDO&3
BDO&b
BDO&S

- BDQ&k

BDO67
BD0O&SB -
BDO&9
BD070
BDO71
BDO72
BDO73
BDO74
BDO7%
80076
BDQ77

80078

BDO79
8D0ORO
BDOB1
Bbo82
BDOB3

BOOB4



1l
FoiE2n
153
15%
1595
156
157
158
159,
160
161
162
163,
164
165,
166
167
168,
169,
170
171,
1720
173,
174
175
176
177
178
179,
180
181
182
183,
184+
185,
186
187
188,
189,
190+
i91.
192+
. 193
C 194
195,
196
137
198,

199,

200+

s TN e

0

nuﬂu —wr ks gty

26 FERMAT(IL1,10F7.3)

IFi{K)27s27,28
27 DB 291 = 2,10
29 N(I) = N(1)
SET UP RB

28 READ 32,K,RB

32 FORMAT(I1,10F7+3)

KFRES = K

IF(K = 1133234,36

36 READ 37:K1

37 FORMATI10F7+3) &
IF(K = 5)130s42,42
30 IF(K = 3)38239,38

38 DO 401 = 2,10
40 RBII) = RB(L)

IFIK = 4)39,4P,39

39 DB 411 = 2,10
41  KI(I)Y = KI(1)
42 PRINT 43

43 FBRMAT(1X//' FRESNEL"S CRITERIA'//! BAND

DO . 441 = 1,10

IFINEI) ) Aksbb,63
63 IF(RBIIVI144s44064
‘64 VvALUE = (RBI{T)*RB(I)
- IFIVALUE = 33172272473
72 PRINT 74,1, VALUE
Th FORMAT(EXs1223X)F 722!

18NY)
- GO TO 44

73 PRINT 79,1»,VALUE
79 FORMATI(2%,12,3X,F7:2)

44 CONTINUE

GO TO 3%
33 DO 351 = 2,10
35 RB(I} = RBI1}

SET UP BAND DATA

38 J =]

62 READ 45,K,Q8(J1,LAMBDALY

45 FOARMAT(11sF15:7,E10¢5/5F10:16)
IF{K = 4)160261,861

60 IF(K = 1146547547

46 SF(Jsl} = KFiJds2)

DA 49] = 2,85

SF(Jsl) = SF(Js1)
49 KFI(JsI) = KFidsl)

cA TA "N

VALUE'/}

+ KI(I I/ »KI(I})#xeS/NIT) .

NEBTE: OUT BF RANGE OF FRESNEL APPREXIMATI

Yo iKF{JsI)sT = 1,5)

Ll SR R

 BDO86
BDOR?

Bhbo8s
BDD89

BD090 -
BO091Y

BDN919
BDO320C

. BDnO92}

Bpo9z2
BRo922
BD0923
800924
BL092s
BDO926
BD0o927
BD0928
BD09229
800930
BD0O931
BDn932
BD0933
BD0O93%
BP093%
BDPN936
BD0937
BD0DS37
8Dns938
BD0OS2S

. BD094G

BDO941t
BD0OSS2
BD0953
BDO954

BD0D9SS
8ho9é
BD0O97
BD0O98
BDOS®S
BD10O
BDiot.
8bio2

BDiO3
antn



v ¥

203

204’

205
06
207«
e081
209
210+
2lio
212»
213
"Bl4.
215
216
217
218,
219
220
221
ZE2»
2230
224
225
2260

227

228
229

230 -

231
232
233
234
235
236
237
238
239,
240
24l
242
243
Zh4
245
chb
247
248
249
250+

251

PR,

OOnN

C

c
r

L M W vl Ty VLI

48 FORMAT(G5F10+6)

IF(K = 2151,52,50

51 DB 531 = 2,5

53 KF(Jsl) = KF(Js1)

GB 7O S0
52 D8 541 = 2,5

B4 SF(Jal) = SF(Jst)

50 J = J + 1

IF(J = 11162;61:61

SET .UP BEUNDARIES FOR NBDE SECTISNS

&1 KK = NDS/5

+
+
+
+

L

KK
KK + 1
KK
KK

SET UP BLACK BBDY FRACTIONS ACCEBRDING T8 BAND NIDTH AND TEMPERATURE

LMT(2) = KK

LMT(1) = 0

LMT(3) = LMT(2)

LMT(4) = LMT(3)

LMTIS) = LMT(4)

LMT(6) = LMT(E)

1JI = BND(IJJ

111 = BND(2) = 1§

CIFUIII = 1)610,6115611

610 I11 = 1 ‘

611 08 102MM = TJIaJl1ls=l

F1 = LAMBDA{MM}
DE 102LL = 1sNDS

IF(TELL)Y 102,102,525
25 W o= 1+43B79/FL1/T(LL)
IFlY = 241103,1042104

103 F(MMaLL) = 1o = 450/ (30141593 ) waduvan3s(1es3e

1224 /5040« + V¥x6/272160,

G TO 201
104 SUM = 0O
D8 105LLL = 1,5

105 SUM = SUM + EXP('LLL*V)/LLL¥¥#¥(((LLL*V + JeixlLL¥V + 6-)¥LLL¥V +

164)

FIMMsLL) = SUM%15+/(3s141593 ) nnb

201 IF(MM = IJI)100,102,102

100 FIMM + 1,LL) = FiMM + 1,LL)

102 CONTINUE

DY = THICK/(NDS =

PRINT 902

902 FARMAT(1X//" INTENSITIES IN WATTS/CMx»2/STERADIANT//!
1T7TS/CMex2'//' FLUX DIVERGENCE 1IN WATTS/CMx231")

MAIN DO=LOOP FOR RUNNING THROUGH EACH BAND

1o}

+ V¥Y/60¢
» Y¥x8/13305600) '

= F(MMsLL)

FLUXES IN WA

wild )W
BD106
BD107
BD1CS8

. 80109
. BD110
- BD111

BD112
BD113
RD114

8D115
BDi1e
A0117
BD118
80119
BD120
80121

!
BDi22

BD123
BD124
BD125
BD126
BD127
80131
BD1314%
BD132

" 80133

BD134
BD135
BD136
BD137
BD138
BD13%
BD140
BD141
BD142
BD143
BD144

‘BD145

BD1451
BD1452
BO1453



[SRS e R

254"
255
256
257«
- 258

259

260
261+
262
263,
264
265«
c6é
267
2630
269,
270
271
272
273
e74%.
275
276
277«
2784
279
280
281>
282
283
2844
285
2861
287
288
289,
290
291+
292
293,
294
295
296
297
298
299
300+
301~
302

c
c
(™

Wyl a3l o 112 1w
SET UP VARIABLES PECULIAR T8 EACH BAND

KK = BND(IK)
NN = N{KK)*N{KK]}
D8 6301 = 1,8
COMULT) = MULLD)
&R0 A1) = AU
" RBB = RBIKK)
. IFINN »~ 1)18580,8%50,860
B60 RMUC = (1e = L1s/NN}I*¥%e5
TERML = t4i» = RMUC) x5
TERMZ = (1+ + RMUC)»»B
CALL BRKDWN{RMUC,»TERM1»TERMZ,:4A,MU) . - : -
850 IF(KFRES = 1}113:113;11# _ - i
114 [ = KK
CFRFLB(I) = O«
IFINIIVIR3,E3,84
B4 I[F(RB(IVIR32835101
101 08 219J = 1.8
: Al = (RBIIY*MUGY) = N({T})xx2
A2 = (RBIT)#MULJY + N{T))ex?2

A3 = (RBII) = N(II&MULJ) ) *x2
A4 = (RBI(I) + N(I)¥MU(J}1¥¥E
Bl = KI(I)*KI(I)

A2 = B1#MULJI*MU(J)
FRELI(I2J) = +5x({A1 + B2)/(A2 + B2) + (A3 + a:rftA4 + B1))
219 FRFLB(I) = FRFLB(I) + A(J)*MU{JI®*FRFLI(1,Jd) :
_ FRFLB(I) = FRFLB(1)/+50151552
83 RBB = FRFLB(KK)
113 Q88 = GB(KK) .
IPBSN = G80/3+141593
IF(IK » 1166466567

PRINT HEADING AND INFORMATIBN

&6 PRINT &BlKK .

68 FORMAT('f GSPECIAL BAND_-- BAND'Y212//)
GO T8 69 :

67 PRINT 70,KK

70 FORMAT('1 BAND'»I2//)

500 FORMAT(i1X///' ITERATION '113//)

69 PRINT 71sNIKK))RBB)QADS (KF(KK»JisJ = 1!5?!(SF(KK1J?JJ = 125)
PRINT 853, (MUCJIsA(J)sd = 128)

BS3 FORMAT(!' GAUSSIAN INTEGRAL'/#X:#H“U'SJ7X:'NEIGHTS'/&(lX:FlO BJEXQ

1F108/1})

71 FHBRMAT(' INDEX =',FB8+3/1" RB w=',F&e¢3/" QB ﬁ'lFlé!?l' WATTS/CMaa2t/
1V K st,5F11+6" CHexmit'/? § =t ,B8F11462") CMarwmyt s/}
IFIKK = 1)904»904,905 ‘

ey g | A NS KWK . 1y

BDt14s1
BD1462
BD1463
BD1464%
BD1465
BD1470
BD1471%

. BDiaw72

BD1473
BD1474
BD1475
BD148&
BO1491
AD1492
BP1493
BD1494
BD1495
BO1436
BD1497
BD1498
RD1499
BD1500O
BD1501
BD1S02
BD1593
BD150k
BD1505
BD150é
BD151

BDis2

BD1532
BD154
BD155
BD156
BD157
BD158
BD159
BO1591
BD1S92
BD15393
BO160
BD161

BD1611
CHEIRETE



SUb e Guw 1w 906 . wvdl] W1a

. % 305+¢ 904 A1 = O ' - o BD1614
306« 906 A2 = LAMBDA(KK} . - ' B0D1615
307 A3 = A1x10000¢ ' ' . BD1616
308, A% = APX10000. ‘ ‘ BD1617
309, PRINT 903,A1,A2,A3,A4 , - BD1&18
310 503 FBRMAT{1X//' WAVELENGTH INTERVALY  1,E1005,' = 15E10e5, CMY /23X, BD1619
311 ' 1E10»5st = 1,E10:Hpt MICRONS!t /) . : : D162
312 PRINT 701:(F(KK:J!;J = 1,NDS) , , o BD1621
313 " 701 FBRMAT(1X,' F{B = LT):'/(1Xs10E4205/1) ‘ ' - BD1s22
Iide IF(IK = 1175,75,76 , _ BD1623
315, 76 IF(KK = BND!1))75278,75 . L ' BD16&3
316 C ‘

317 C IF ALREADY RUN AS SPECIAL BAND; PRINT SAVED NUMBERS

318 c . . L . o o
319, 78 PRINT 82 . | BD165S
320 PRINT 80 BD1A51
321 80 FORMAT(! NaDEv,ax:inv:sx;112';9x;vlat;sx:vlqv;sx:'ls':sxatlevasx; BD166
322 11I17108Xs VIR 29X, 'AR 28X, 'DARDY /) : BO167
323, - PRINT 81s({SAVE(IsJdlad = 1211),1 = 1,L) o : BD1s8%
324, 81 FORMATI(1XsF4e0s2%Xs21E10s521X)2EL1151)) . L BD169
325 © PRINT 82 8D170
326 82 FORMAT(1X/7) ' : BD171
327 PRINT 81s((SAVE(I2Jd)sd = 1511121 = L+1:L ¥ L) o . . BD172
328 BUTPUT R(KK) ‘ . 801721
329, : IF (NONDM) 65,65, 85 N o Bb173
330 85 PRINT B6 , , , o ‘ , BD174
331 86 FOBRMAT(1X///' DIMENSIONLESS'//) ‘ " BD17%
332+ PRINT 80 _ . BD176
3334 . PRINT 81:ttSAVEtIsd):J = 1:111:1 " L+L+1:L+L+L? BD177
334+ PRINT 82 = BD174
335" PRINT 81:((SAVE(I:JJ:J w 1511)s1 o L+L+L+1:L+L+L+Ll , BD179
336+ GO TO &5 ‘ - BD18O
337 C . . |
338 C CALCULATE RFLECTANCE FOBR INSIDE GAUSSIAN ANGLES

339, C , ) .

340, 75 RIN = 1a/N(KK) ‘ o - : S : BDigt
341 CRT = ARSIN(RIN) - _ BD182
342 "CRTDG = CRT*180+/3.141593 L . : BD1BR3
343 BUTPUT CRTSCRTDG T o . ' BD1831
3k DIV = CBS(CRT) _ : C BD184
345 ‘ DB 1101 = 1,8 ‘ ' _ ' BD185
346 IF(MU{TI) = DIVI11ls1110112 S : - BD18é
347 " 112 SINMU a3 (1 = MULD)#MUITI ) ) nxe5 : ' S : - BD187
348 SINMUB = SINMUsN{KK)} , . N .. . BD18S8
349, MUB =2 (1+ = SINMUG*SINMUB ) %¥.5 ; a BD189
350 Al = SINMUB=MU(I} + MUBxSINMU _ : ' BDign
351 A2 = SINMUB*MU(I} = MUBXSINMU o o BD191
352, : Bl = MUB«MU(I) = SINMUs*SINMUBS : BD192
353 B2 = MUGxMU(I) + SINMU*SINMUBS i . BD193

falalke L ML TETY = Boefamoamsiglrity (1 4+ B1V/RD/RDY ! Rh1ay



¢ 356¢

357
358
359
360
361
362
363
6%«
365
366
367
368
369,
370
3714

3zz.
373

374
375
376
377
378
373
380
381
382
383.
384
2A85.
386+«
387
388,
- 389,
330,
391,
3352,

393 |

394«
395
396,
397
398
399,
4030
401
402
403
4Q4 »
.‘nﬁi

c

C

aNa R

iy [ 4 LW R

111 RFLICI) = 1o

110 CBNTINUE
PRINT 55,RFLI

55 FORMATI(' RFLI = ', 8F10Qe7/)

C CALCULATE BUTSIDE GAUSSIAN ANGLES AND CEBRRESPONDING REFLECTANCES

06 1151 = 1,8

SINMUG = (1+ = MULII)*MUL(I)} 1 %%5

SINMU = SINMUB/NIKK)

MUP(I) = (1 = SINMUMRSINMU)*%45

A2 = SINMUA#MUP{I) = MUL(I)&*SINMU

Al = SINMUB»MUP(1) + MUL(I)1#SINMUY

Bl = MUL(TII*MUP(TI) = SINMUXSINMUG

B2 = MUL(I)I*MUP(]) + SINMUxSINMUQ

+ BixBi/B2/B2)

115 RFLBI(TI) = -5¥{A2¥A2/A1/A114(1-
PRINT 56sRFLE
56 FHRMAT(! RFLO = '28F10e7/)

KUBELKA MUNK STARTING RQUTINE

IF(KFRES = 111062106,108
108 DO 121JM = 1,8

Al 3 (RB(KK)*MUP(JM) = NIKK))#x2

A2 = (RBUIKK}*MUP(JM]) + N{KK))»x2
A3 = (RBIKK) = NIKKI*MUP{JM) j»x2
A4 = (RBIKK} + N{KK)*MUP{JM))»»2
B1 = KI{KK}*KI(KK)

B2 = BisMUP({JMI*MUPLJM)

121 FRFLB(JM) = +Sx((Al + BR)/(A2 + B2)

106 S1 = Qo
D8 1201 = 1.8
120 81 = S1 + A(I'#MU(I?%RFLI(I}
RI = S1/+50151552 ‘
REB = 1+ + NNx(R] = 1.}
133 ¥ = =DY
[FIIK = 1)130,130,131
131 IF(ABBRT’LES!IESJISO

PRINT BUT STARTING RBUTINE IF SPECIAL CASE BR ON ABORY STATUS

130 BUTPUT RP,RI
PRINT 1132

132 FGRMAT!iX!)BX;'KUBELKA MUNK STARTING RGUTINE'//EX:'NBDE’:SXJ‘GT'

110X, 'QRY» 9%, 'DQROY /)
125 08 1221 = 1:5
I1I = LMT(I) + 1
Judd 2 LMT(I + 1)
SKM = SFIKKsI)x+75
M e KR TY D

(A2 + B1)/lAk + B1))

BD196
BD157
BD1971

.BD1972

BD198
BD199
BD200
BD201
BDR02
RD203
BD204
BD205
BD206
BD7060
BD2060

BD20s2

- BD2063

BD2064
BD20é&s
BD206&5
BD206S
BD2066

- BDZ2067

BD2068
BD207
BD208
BD209
BO210

. BD211

Boz212
BD213
BD2t4

"BD21%

BD216
BDz217
BD218
BD219

BD220
. BD221

BDz22
RN?213



LY R
“407l
408+
409+
410
H&11
412
413
bl
415
16
417
418
419
420
421
422+
423
424
425
426
b27
L2R .
4253
4300
431,
432
433+«
434
4350
436
437
438
439
440
G4t
L2
4430

Yhiy,

4450
L YN
447
448
443
450
451«
452
453
454
455,
TR

OO0

oo

w1l EE O N o N I R S AL AR . w9 w1l

BET = SIG/IKKM + 2¢48KM)

0

Al = QBO¥EXP(=SIGHTHICK)*{1+ = RB)*(BET#(1. + RBB) = 1o + RBO)
A2 = 2vx{ (BETHBET*(1+ + RI}*(1e« + RBB) + (1¢ = RI)%(1e = RBEB))#*

ISINHISIG*THICK) + 2e%BET*(1+ = RI*RBB)#COSH(SIG+THICK])

8L = Qﬂﬂ*EXP(SIG*THICK)*(i- » ROI#(BET*{1« + RBR) *+ 1lv = RBB)

AA = AlsAP
BB = Birsag
0B 122Jd = IIIl,Jddd
Y = ¥ + DY . ;
BT = AAx(1+ = BET}I¥EXP(SIG+Y) + BBx(i1+ + BETI#EXP(=5IG»Y)
GRR = AA*{1+ + BET)*EXP(SIG*Y) + BB#{il¢ e BET)+EXP{=SIGsY}
DRARDY = =KKMx{GT + QRR) -
QTP = (T/3+141593
QRP = {JRR/3.141593
DB 123J0L = 1,8
IPOS(JL,d) = QTP
123 INEGIJL,J) = QRP |
IF{IK = 1)1240124%,126
126 IF(ABBRTI1122+1222124
124 RJ = J
PRINT 127sRJs0BT,0RR,DARDY
127 FORMAT(LIXIFS«0,1%02(EL10Q 5:2X))E11~5!
122 CANTINUE
‘D8 200JK = 1JTEST
PARAM = Qe

FRENT SURFACE CALCULATIBNS

DB 1501 = 1.8

IPES{IsL) a INEGIIsl)

IF{MULT) = DIV)I150.,150s151 ‘
151 IPES(Ts1) = RFLICIIXINEGILIs21) + (1¢ = RFLI(I))2IPOSNaNN
150 CAONTINUE-

MARCH T8 BACK WALL

DA 1621 = 1.5

08 161iL = 1.8

DB 161IN = 1,8 : ,
161 PHASE(IL,IN) = 1 + JISOT{I)&MUCILI®MULIN)

II] = LMT(I) + 1 '

Sddd = LMTH(I + 1)

IF{IIl = 1)163:163;16#
163 [Il = 2.
164 SFF = SF(KKsI)

KFF = KFI{KK»I) |

BET = SFF + KFF

C2 = DY®BFF/2»

Ch u DY#SxKFF/3¢141593%NN

pA L YT T

Ll PN

BD225
8D226
8Dz27
BDR28
BD229
BD230
BR231

BD232

BD233
BD234

Bp23s

BD236
BD237
BD238

- BD239

BD240
BD24Y
BD242
BD243
BD244
BD2441
BD245
BD24é
BD247
BD2&sg

BD249
BD250
BD251
BD252
BD253

BD254
BD2%6 .
BD256 .
BD2S7
BD258
BD259
BDZ2&D
802612
BD262
B0263
BD264
BD26&41
BD26&42°
Rnp'q



¢ 4587
459
460 .
b6
4620
463,
b6y
4654
4660
k67
4B
469

470

471
472
473
474
475
476
4377
478«
479
480
481
4320
¥B3e
LELY
4285
486
487
458
439,
490
491,
432
433
494
495
496
497,
498
499,
500+
501
502
503
504
505,
S0&

Eatal i

165

162

(PR e LI A v o Ve B g}

DO 162JL = 1B '

MUU, = MUCJL)

SUM = O

Cl = 1+ = BET*DY/MUU

DB 165Ld = 1.8

PHASCEB = PHASE(LJsdJdL}

PHASKD = 2+ = PHASCE ' .
SUM = SUM + A!LJ)*(PHASC&#IP&S(LJJJ i
TERM = IPBS{JL,d)

IPEStUL,J) = C1xIPOS(JLIY = 1l + (C2*SUM

+ PHASKOXINEG(LJsd = 1))

+ C3y/MUU

PARAM = PARAM + (TERM/IPBSN = 1PBS(JLsJ)/IPBSN)xx2

BACK BOUNDARY CONDITIONS

129
116
128

170

IF{KFRES = 111282128129

Cl = S¥NN*T{NDS)»x4/3¢1415932F (KKsJ)

0B 1161 = 1,8

INEG(T,NDS) = FRFLI(KK:II¥IPUS(IJNDSI +
G8 1O 117

1« = REB})2C]

Cl = (1s = RBB)XS#NN#T(NDS)*54/301416934F (KKs ) .

DB 1701 = 1B
INEG(1sNDS) = RBB#IPOS{I,NDS) + C1

MARCH Tﬁ FRONT WALL-

117

181

183
182

184

D9 180I = 5s1s=1

DO 181IL = 148

DB 181IN = 1:+8B :
PHASE(ILsIN) = 1+ =» ISOT(IIaMUtIL)=MU{IN)
III = LMTH{I + 1)

JJdJ o= LMT(I) + 1

IF(III ~ ND5)182,183,183

I1l = HNDS = 1

SFF = SF{KK,I) ¢

CKFF = KF(KK2I)

BET = SFF + KFF

L2 = DYwSFF/2»

Ch = DY#SeKFF/3+1415934NN
D8 1800 = 11lsJdlds=]

C3 = C4xT{J + L)rebxF(KKsJ)
DY 180JL = 158

MUU = MUCJL)

SUM = (.

Ci = 1+ = BET#DY/MUU

DA 184LJ = 1.8

PHASCH = PHASE(LJsJdL}
PHASKS = 2.« = PHASCE :
SUM = SUM + A(LJ)* (PHASCO=IPOS(LJrJ + 1)
TERM = INEG(JL;J)

THREErE o 1y CTNTARE I 0 o 4 :rp oM

+ PHASKBXINEG(LJsd + 1))

Sy ML

i bl L e -1 &
BDP&S
Bh267
BD26&8
BD2&9
Bp272
Bp273
Bpa274
Bb275
8p276
80277
BD278

BD2781%
BD2782
RD2783
BD27R4
BD278%

. BD279
‘BD280

pDz81

BD282
BD283
BD284
BD285
BD286
BD287
BD228
80289
BD290
BD291
BD292
BD2521
BD2922
BD293
BD2931
BO294
BD295
BD296

~8D297

BD300
BD301
BD3Q?2
BD303
BD304
RNINKR



o
509%
5100
511
512
513,
Si14
515
516
‘ 517
518,
519,
520
521
5221
523
524
5250
B26
527
B2Be
529,
530
53l
532
5§33
534
535
536
537
538,
539
540
G544
842
543
Bhie
545
5460
547
548
542,
5504
2551
BE52.
553,
=1L
555
556
557

-

nooo

oTon

Lal

y R A1y = - A \‘F.ulll A Wl Il e@tJlLd Dl dec Va1 e

TEST RBUTINE==CHECK FBR CHMPLETION ®R DIVERGENCEw=PRINT IF REACHED
CONVERGENCE B8R 6N ABBRT STATUS

650
191
192
195
190
710

211
193
198
194

202
196

IFIJK = 61191,191,650 _

IF(PARAM = 10+)191,1902190

IF{PARAM = TBL)193,192+192

IFLIK = 1)194,194%4,1958

IF(ABBRT 200,200,196

IF(ABBRTI710,7102396

ABBRT = 1

PRINT 211,JK

FORMAT(1X///5Xs ' ¥xxPROGRAM HAS DIVERGED AFTER1,13,' ITERATIONS=wIN

1ITIATE ABﬁRT#&&'///!

G8 T8 133

IFLIK = 1)196,196,198

PRTVAR a 10

GO TB 199

IF{(JK = 2)196:196:202

IF{JK/PRINT = (JK + PRINT = 1)/PRINT1200:196:200
PRTVAR = |

PRINT IPOS

199

PRINT 500,JK
PRINT 80

pg 910JR a 1:NDS
Q{JR}Y = O
DGRIJRY = Qv

DO 208J4Q = 246

A = U0

eCcs
209

210

210

281

2200

2201
2220

IF(JR = LMT{(J@) 209,202,208
CONTINUE

KFF = KFi{KKasJA = 1}
DO 21000 = 1,8 ;

Q(JR) = BIJR) + ALJAI*MULIO) »(IPOS(JB2JR) = INEGI{JQsJR})

DAR{JR)} = DAR{JR) + A(JQI*(]IPOS{JE,;JR) + INEG(JQsJR})

R(JR) = B(JR)*2+%3+141593 ‘ : e
DAR({JR) = -2:#3-141593¥KFF¥DGR(JR} * 4-¥KFF¥S§T{JRI¥¥#¥NN¥F(KK:JR)
DB 207JR = 1,NDSsPRTVAR '

RJ = JR '

PRINT ESIJRJ;{IPGS(JSJJR):JS = 1:8):Q(JR)JDQRtJR)
FORMAT(1XsF4:0,2X29(E10¢5,1X),EL115)

IFIIK = 1)2200,2200,207

IF(PARAM = T8 12201,207,207

IF({JR = 11710 = (JR + 8)/10)2072,22204207

JT =2 JR/Z1Q + 1 : '

SAVE({JTs1) = JR

L = JT '

RN ~

v

oo

BD3061
Bpag?
BD30R

. 8D309

80310
BD311
BD312
BD3%13

. BD314
- BD315

BD316
BD317
BD3I18
BD319
BD32n
BD321
BD322

BD323
80325
BD326
BD327
BD328 .

- BD329

BD3291
BD330D
BD331
BD33?
BD334
80335
BD336
BD337
BD333
BD33814
BD339
80240
BO341

BD342

803421

"BD343
-BD344%

BD345
BD346
AN=- 7



SE6F
561
G562
563
564
565
5660
567
568+«
549
570
571
572+
573,
574
575
576«
877
578
579,
580+
581+
582+«
583
584,
585
B86s
G587
S5E8
589,
530
591
592+
593
594
595
596

597+

538
599
6500
601
602+
603
HQb s

605 .

606
607

GOB
tnn" -

oOn

o

207

o VbW Fode T Aol e e L
SAVE(JT»10) = RB{JR)
SAVE(JT,»11) = DRRIJR)
CAONTINUE

PRINT 82

PRINT INEG

215

629
216
107

218

_CHECK FBR NEED 6F NONDIMENSIONALIZING==SKIP SECTION IF 8N ABBRT STATUS

217
224

220

2el
223

DIMENSIONLESS RESULTS==SAVE CALCULATIONS IF BN SPECIAL BAND

398

226

227
103
229

D8 215JR = NDS, 1,=PRTVAR

RJ = JR

PRINT 281 sRJsIINEG{JSsJR)#JS = 1:8)
QUTPUT PARAM

IF(JK = 11200,200,629

IF(IK = 1)216,2160217

IF{PARAM = TOLI107,2172217

D8 218JR = NDS»i»=10

JT = (NDS = JR 4+ 131710 + 1 + |
SAVE(JTs1) = JR

SAVE(LJTH10) = Qo

SAVE(JT211) = Qo

DB 218JZ = 2,9

SAVELJT,JZ) = INEG(JZ « 12JR)

IF{PARAM = 10+j220,224s224
IF(JK = 63)220,22022000
IF({ABORT 221,221,200
IF(NBNDM)I222,2224223
IF(PARAM = TBL)399,200,200

Ci = 1-/IPGSN

cg = 1.,/Q30

€3 = 1» /KF(KK:S)/GGG

PRINT 86

PRINT 80

DA 225JR = 1:NDS,PRTVAR
DMLGR e G{JR)*¥C2

DMLLD@R = DQR({JR}*C3

DO 226UP = 1,8

DML (JP) = IPBS{JP,JR)I*C]
IFLIK = 112274227228
IF(PARAM = TEOL)109,228,228
IF(({JR » 11710 = (JR + B)1/10)228,22%,228
JP = JR/ZIQ + 1 + L+ L
SAVE(JP,1} = R :
SAVE(JP,10) = DMLGR

SAVE(JP,11) = DMLDAQR
nA ~3Anin - ","

. L)

BD349
B3SO0
BD3S1
BD352

BD353 -
BD354
BD355
BD3551
BD355¢2
80366
BD3S61
BD3S7?
BD358
BD359
BD360

- BD361

BD3s2

- BD3&3

BD364
BD3641
BD3&5
BD3s6
BD3661

BD367
BD3&8
BD369
BD370
BD3701
BD371
BD3AVE
BD373
BD374
BD375
BD376
3761
377
BD37R8
BD379
BO3RO

BD381
Ry L



wdh WY
611%
612«
613>
6lbe
615
616

617+

618»
619,
H20e
621
622

G223
624

625
626
627
628
629
630
631+
£32
633
634«
635
636
637
638
639+
&40
641

6420

643
Ghle
645
4B
47
E4B
64T
650
651«
652
653,

. 684

658

ED6
657
658

© 659

Ny e

T

TOO0O

el o AY L VW ) [SARE N S

228 RJ = JR
225 PRINT ?BIJRJJDML:DMLGRJDHLDQR
PRINT 82 , .
D8 254JR = NDS,1,=PRTVAR
RJ = JR '
DB 251JP = 1,8
251 DML {JP1 = INEG(JIP,JRY=C]

IF{IK = 1)252,252,254
252 IF(PARAM = TAOL)S57,254,254

57 IF({JR = 11/10 = (JR + B)/101254,253,254
253 UP = (NDS = JR + 1)/10 + 1 + L + L + L

SAVE(JP,1) = JUR
SAVE(JPs10) = Qo
SAVE(JPs11) = Qo
DO 253JdT = 2.9
255 SAVE(JP,JT) = DML(JT = 1)
254% PRINT 281,RJs0OML
222 IF(PARAM = TOL)260,200,200
200 CONTINUE

IF PROGRAM PREGRESSES TO THIS POINT,

IF(ABBRTI27042702 2000
270 ABBRT = 1
"~ PRINT 271,KK

271 FORMAT(1X///Y »xxBAND', 13,1

1ATE ABORTxxx'///)
G® T8 133

STARTING RGUTINE FOR INEGP, B8R REFLECTANCE CALCULATIBNS

260 JFI(NN = 1173227325733
732 DB 734JP = 1,8
734 INEGP(JPs1) = INEG(JPs1)
Ga T8 360
733 PRINT 351 ,
DO 285JP = 1aNDS
Jd =0
Al o QO
DB 280KJ = Bilaswi '
IF(MU(KJ) = Dzv:aaa,aas:aaa
282 J = J + 1
280 A1 = A1 + INEGIKJ»gP)
283 IF{J)12810,2810,28%
ed4 Al = ALl/J
GB TO 68

2810 Al = INEG(8sJP)

58 0 285Ky = 1,8
285 INEGP(KJaJP) = A}
: AA ANN In - 1, TreT

1T TEBK 788 MANY ITERATIONS==ABORT

WENT BEYOND MAXIMUM ITERATIONS==INITI

wltd e

BD3IRY
BD3®S
BD386
BD387
80388
BD3RS
B0390
BD3S1
BD3911
BDag?
BD393
BD3g4
BD395

BD3%6 . ..

BD397
BD3s8
BD399
BD400O
BD401

BD4o2
BD403
BD404&
BD40S
BD406
BD407

BD4071 -
BD4072
BD4073
BD4Q74
BD4075
BD40OR
BD409
BD410
BD411
BDAL2
BD%413
BO414
BD41S
BD4LS
BD&417
BD4171%
BD4172

BO418



il "
6625
663

1L

665
666
66T
668
669
670
671
672
673
674
675
. 6760

677« -

678+
679
6800
681
682
683
684
&BS
686
6B7 e
682
689
650
691
692
693,
694
695
696

637

698,
699«
700
7010
702,
703
704
705
706
707
708
709
710

711

C

c

C

c
c
C

(s R ale

[ S AW R Ve

FRENT WALL CALCULATI®NS

301

DB 3011 = 1.8 B
IPESP(I,1) = RFLO(II®INEGP(I,1) ¢ (1e¢ = RFLO(I)})*]IPOSNSNN.

MARCH T8 BACK WALL

303

304
308

3ll

310

DB 3101 = 1,5

DB 303IL = 1.8

DO 303IN = 1,8 L
PHASE(ILsIN) = 1w + ISBT(I)#MUP(ILI*MUIINGY
IIT = LMT{I) #+ i -
JJJ = LMTHLI + 1)

IF{I1] = 11304,304,305

111 = 2

GFF = SF{KKsI}

KFF = KFIKKsI}

BET = SFF + KFF

C2 = DYxSFF/2»

C4 = DY&S#KFF/3-1#1593¥NN

DA 3104 = IllsJJJ _

C3 = ChaT(J = 11¥¥44F(KK1J)

DB 3104JL = 1.8

MUU = MUP(JL!

SUM = O _

Ci = 1+ = BET*DY/MUU
D8 31iLy = 1,8
PHASCE = PHASE(JL2LJ)
PHASKDO = 2+ = PHASCE

SUM = SUM + A  (LJ)#%(PHASCO¥IPES(LJsdsl) + PHASKORXINEG(LJydJmi))

TERM = IPASP(JL,J) ,
IPBSPIJLLJ) = CLxIPASPIJL,Y = 1) + (C23SUM + CII/HMUU
PARAM = PARAM + (TERM/IPDOSN = IPBSPlJLJJl/lPUSNI*¥E

BACK BBUNDARY CONDITIENS

-119

31
118

312

IF(KFRES = 11118,118,118

Cl1 = S#NN&T(NDS!%##/B.l#lSSB#F!KK;J)

D8 311 = 1,8 ‘ oo . |
INEGP(IsNDS) = FRFL@(I)*IPBSP!I:NDS! + (1 = RBBIxCL
GO To 800 ' , | : .

Ci1 = {1+ = RBB)#SHENN2T(NOS ) %24 /3¢ 1415333F (KK, )

pa 3121 = 1,8 ‘

INEGP(IJNDS}) = RBB*IPBSP{IJNDS) .+ C!

MARCH T8 FRONT NALL

800

Py 3157 = 5:11-1

™ -4 - T

v LY

BD421
BD#22

BD423
BDazs
BD425
BD426
BDa2?7

- BD428

BD#29
BD430
BD431
BD432

- BD&32

BO4321
BD4332
BDo34

BD4341
80435
BD43s
80437

'BD438

BD441
BD442
BD#443
BDuby
BD44S
BD4bs

LTS

BO4471
BDU4T2
BD4473
BOUMTYH
BD44 75
BD44R
BD44S
BD45O

BD451

My~ ™~



L

713

7i40 .
715 .

- 716
71T
718
719
720
721
 7229
723
724%+

725«

726
FaT7s
728
729
730
731
732
733
734
735
7360
737
738,
739
T40
Thyo
T42e
743
744,
745
Thés
YAYA
748
749
7500
751

752

753
754
7556

756

757
758
759
760
761

T,

316

- 318
317

320

T 315

CHECK FOR DIVERGENCE, SOBLUTION, OR ABBRT STATUS=eSTANDARD PROCEDURE AS

324
323
325
z7
330

331

340

- 794

3ee
321
PR

350
351

352

Wid  apd el . - L2

PHASE(ILSIN) = 1+ = ISATII)*MUP(IL)*MUCIN)
TI] = (MT(TI + 1}

JJJd o= LMT(I + 1

IF(II] = NDS)317:318:318
II1 = NDS = 1

SFF = SF(KK»T)

KFF = KFIKK,I)

BET = SFF + KFF

CZ2 = DYXSFF /2

C4 = DYyxSxKFF/31415932NN
DO 3184 = IllsJddda=l

CI = CuuTid + 1l4*4¥F(KK1Jl
DB 315.4L = 1,8

MUY = MUP(JL?

BUM = 0O

Cl = 1« = BET20Y/NUU

DB 320LJ = 1,8 _

PHASCE = PHASE(JLsLJ)
PHASKE = 2+ = PHASCE

SUM = SUM + A (LJ)#(PHASCOXIPOS(LJsJ+1) + PHASKB#INEG(LJsJ+1))

TERM = INEGP(JL,J)

INEGP(JLsJ) = CI*INEGP(JLaJd + 11 + (C2¥8UM + C3)/MUU
PARAM = PARAM + (TERM/IPOSN = INEGP{JLsJI/IPOSN}»»2

IF(JP = 11323,323,324 .
IF(PARAM = 101323,325,325
IF(PARAM = TﬂL}7941327i327\
IFABBRTI330+330,2000
IF(ABBRTIZ40, 340,321

ABBRT = 1

PRINT 331,JP

FARMAT(1X///' »*%»REFLECTANCE CALCULATI®N DIVERGED--INITIATE ABﬂRT

1 AFTER',13,! ITERATIONS¥¥x'///)
68 TO 260

IF(IK = 1)321,321,300

IF(IK = 1132143215326

PRTVAR = 10

G8 T8 350

PRTVAR = 1

INT REFLECTANCE FIELD
PRINT 500, JP

FORMAT (1X///" REFLECTANCE FIELD'//)
PRINT 352

FORMAT (! NﬂDE'J&XJ'II'JSXJ'IE':SX;'IS'JBXJlI#'JSX:’IS'JSX:'Ié'JBK:

1YI7129%,'18'//)
NA =BT 1NDP, PRy R

Lol R

BD4S4
BD455
BD4Se
BO4S7
BD4S8
BD4&3
BD46D
BD461
CHEYSRE
BD4s12
BDag2
BD4621
BDu463
BDogy
BD46S
BD46s
BD469
BO470.
BDu71
BD472
BD473
BD474
BD475

ABOVE

BD476&
BD477

BD478

BD479
BD4791
BD480
BD481
BDag2
BO483
BO4aLR
BD48Y
BD4851
BD4 86
BD487
BD48gR

BO48Y
BD490
BD491
BD492
BD493
R~ 9"



7645
765
7660
767
768,
769

770

771>
7720
- 773
T T7he
775
7760
777
778>
779
780
784
782
783«

784

785
786
787
788
789
7900

791

7820
733,
794
795
736
797
798,
799
BOQ.
B0l

802%

803,
BO4»
805,
B06+
807
308,
809

ONo

o000

C

LAY § 4

353 PRINT 281,RI,(IPBSP(IXsI1)s1X m 1,8) BD494
- PRINT 82 BD49AY
DO 3541 = NDS,1,=PRTVAR BD4962
RI = I BD4363
354 PRINT 281,RI+(INEGP{IXsI)sIX » 1,8) BO4964
BUTPUT PARAM BD4965
IF (PARAM = TGL!360:300:300 BO497
300 CANTINUE BD498
IFIAB&RT)370;370;2000 BD499
370 ABORT = 1 ‘ - BD50OD
PRINT 371 ' . L o BDKO1
371 FBRMAT(1X///' »»»REFLECTANCE ITERATIBNS EXCEEDED MAXIMUM=eINITIAT BD503
1E ABBRTx¥4'///) S BD5O4
GB T® 260 - BDS50OS
CALCULATE REFLECTANCE FOBR BAND AND PRINT
360 R(KK} = 0 BDSQ6
DO 3611 = 1,8 ‘ ' _ BDSG7
RF(I) .= RFLO(I) + INEGP{I;1)/NN%(1, = RFLEB(I))/IPOSN BD5Q8
361 RIKK)] = R(KK} + AUL(I)*MUL(TI)1#RF(I) - BDS09
PRINT 921,RF . - BDS091
921 FORMAT(1X//! REFLECTANCE FIELD!'//7XsB(F10+8,1%X)7). BD5092
‘R{KK)} = R{KK)/+ 50151552 BD5093
BUTPUT RIKK) BDS10
SAVE GR AND DGRDY FROM THIS BAND FOR OVERALL RESULTS
DE 3621 = 1sNDS BD511
QR5AVII) = BRSAVII) + Q(I) BDS12
362 DQRSAVII) = DGRSAV(I) + DQR(I} BD513
BARFLY = BARFL1 + IPBSN¥R(KK} BD514
BARFL2 = BARFL2 + IP8SN BD515
65 CONTINUE BOS16
CALCULATE @VERALL REFLECYANCE AND PRINT, ALONG WITK BVERALL GR AND DQRRDY
BARFL = OGARFL1/BARFL2 ! BOS17
PRINT 410,8ARFL, (GRSAVIIINI = 1,NDS) - . BD51R
410 FORMAT('1 BVER ALL REFLECTANCE =!',F8+7///7 BVERALL FLUXES, STARTI BDS519
ING AT FRANT WALL:'//(1Xs10E12+5/)) : ' BD5K20
. PRINT #11,(DGRSAVII}sI = 1,NDS) ' BD521
411 FBRMATI(1X///' BVERALL DIVERGENCE!!'//(1Xs10E1245/)) BD527
2000 END BDS23

[ %3 W R



i
2
3.
4
L)
6
Y
8.
9
10
11
ig»
13
14
15+
16+
17«
18+
19

86¢

1.3}

SUBRBUTINE BRKDWNIRMUC)TERM]1, TERMZ,AsMU)

REAL AtZ),MULBRI,MUZIBILAURZIBI MUIIER)PAUIIS)

DATA MUZ(1)sMU(2) /1538469312906 1798B46/.

DATA . hUEt1):AUE(2):AU2(3)/-568888889:-47862807:c236926885/
OATA MUI(1)sMUI(2IaMUB(3]1 /42386191865 086120938641+332469514/
DATA AUB(l):AU3(EJJAU3131/ 467913935:-360761573:'17132u492/
DB 8611 = 13

MULT) = RMUC*MUI(I)

Atl) = RMUCHAU3 (1)

IF(] = 218B622,B62s861

MUCI + 3) = TERMZ2 = TERMisMUZ2{(=] + 3}

MU{=l + 9) = TERM2 + TERMiasMUZ2{=I + 3)

Al +# 3) = TERMixAy2(=l + %) .

Al=] + 9) = Al + 3)

CANTINUE

MUt&) = TERMZ

Alte) = TERMlxaUz{1)

RETURN

END

BDN191
BDO192
BOD193
BOC194
BD147S
BD1476
BD1477
BD1478
BD1479
BD1480O
801431

-BD1482

BD1483
BD1483
BD1483



Test Case 1 |

w= |.0

™~=1lo.

O°K
Ry=.03

X =0 El“sormmc_ ScATTERMG ]

IU'DE)(.-‘: 1.4 For  |¥ BAmD
1.2 For 2¥ BAUD



NDS = 101

TOL = 94995999E=11
"TTEST = 1000

PRINT = 25

NBNDM = 1

“TRICK = 1.00600 CM
BNDS = 11000000060

SPECIAL == O STANDARD w=

TEMPD =%
TEMP = + 000
(KELVIN)
+ 000
«000
000
e 000
+0Q0
¢« Q00
000
2000
« 0G0

«000
1567 = «J000G00

INTENSITIES IN WATTS/CMxx2/STERADIAN

| FLUXES IN WATTS/CMxs2

FLUX DIVERGENCE IN WATTS/CM#»*3

+ 000
« 000
+ Q00
« 000
«000
+000Q
+000
1000
+000

+ 000

+ Q000000

2
000 +000
v Q00 « 000
»000 +000
»000 4000
»000 +000
+000 +000
«000 v 000
1000 000
+000  -000

+000 + Q00

+ 3000000

+000

« 000
+ 000
« 000

0 000

« 000

«000
« Q00
« 000

+ 000

+ 0000000

000

e Q00

2 Q00
2+ Q00

« 000

000

000
1 000
+ 000

+000

+0000000

«Q00
+ 000

+ 000

+ Q00

+000
«000
+000
+000
+000

000

¢ Q00

000
+000
000
000
+000
000
+000
+000

+000

«000

0000

+000

«000
v+ 000
+000
+ Q00
+ 000
+ 000

+ 000

+000
000
«000
+000
« 000
«000
«000
+000
» 000

+ Q00



w

INDEX =

-~

BAND 1

WAVELENGTH INTERVAL:

F{D = LT)q
+76529E=80

+00000E 00
«00000E 00
«326B80E~79
*00000E 00
.22859E 09
«27638E 48
1351126 51
v33144E 13
©60818E 08

+9715F . Q

14Q0
RB = +030
8 = 100.,0000000 WATTS/CMxxp
K = «00G000 «+000000 + 000000 + 000000
s = 1+000000 1.000000 1.000000 1.000000
GAUSSIAN INTEGRAL
MU'YS WEIGHTS

+ 16699862 * 32747149

46275014 25248051

65259266 » 11990213

+71393394 +03555630

+76911736  »07182908

+B4992695 08537477

¢ 33073654 207182908

+ 38591995 + 03555630

“0000D0E 00 = »99999E 05 CM
+99993E (09 MICRONS

+00000E QQ =

«41180E=82 +10295Em83 s51476Ew84

fOOOOOE 00
+000Q0E 00
+26313E=77
+00000E 00

+40116Ew17

+Q0GOOE 00
+000C0E 00
v62500E=01
v43959E=72

v27636E=75

+23510E=37=:96207E 12

+43656E=10
+3%59Q3E~73

\25760E 51

+11755E=37
136734E~39

+27541E 48

»QQ0C0QE 00

+00000E 00

*0D000E 00w

+86736E=18
+27537E 48
+78603E=21

+36734E=39

+18B808E=36=

+S4039E=37

+00000E 00
«Q0000E 00
»000DOE 00
V65446E=T7
22041E=38
44 060E 49
(27638E=75

v12148E=26

v 000000 CM¥x=l
1.000000 CHsx=i

+Q0000E QO

«00NODE 00
«00000E 00
+00000E 00
V46137E 08
V9404 0E=37
J44061E 49

*0000CE 00

«21690Em06=+24501E=05

+20BBlE~G2

125759E 51

+J000QE 00
+00000E 00
*+00000E 00
+BOSE4E=T7

+35112€ 51

s 424 9EmPEm

+13346E 46
v 25593CwE4
« 19966E 45

+55039E=19

+00QQ0E 0N

+0000D0E 00

»00000E 00

s 22204E=15
v13605E 4&

+21B2BE~=09

+60818E QR

+48172E«37

»4#3369Em17

«ONODOE 00

«00000E 00
51476E=84
«13092E=79
125759€ 51
\25760E 51
«12809E=36
V104 0BE~16

V44066E 49

s DOO0OE

ebssai--
eHO37 M.
v 18801'

+18877E=

ebl 12"
] 29381*
v 141008

v 13306E 46-.565485-10--92441-



-l

LT R R W

CR1DG = 45.5847

PARAM = Be441262E=12

DIMENSIBNLESS

NOOE 11

le «74218E
11 +76217E
=1, +7RRRF

oo

¢cao
nn

12

1+0000000 1+0000000

RFLT =
RFLB = 5718994 2050691
ITERATION 19
NBDE 11 12
le  +23624E 02 +18984F 02
11 o 24261E 02 +20172E 02
2le  +24142€ 02 +20930E 02
31e  #23537E 02 «21311€ 02
“ie «22608E 02 +21361F 02
51 W21455E 02 »21124E 02
S1e  +20136E 02 +20637F 02
/1v  +186B1E 02 +19929E 02
81  +17099E 02 »1S022E 02
31« +15380€ 02 +17925E 02
101s  +13489E 02 +16634E 02
101s  +40467E 00 «49901E 00
91e  «54139E 01 +26000E 01
81+ 90795E 01 «47011E 01
71¢ +11922E 02 +67598E 01
61s +14252E 02 +87547E 01
51e  116252E 02 +10676E 02
21 v1B028E 02 «12517E o2
31s  +1963BE .02 14276E 02
21s +21109E 02 +15947F 02
11+ +22443E 02 +17521E 02
1. v23624E D2 »1B9B84E 02

+59641E 0O

«63371E Q0
+ AR TARRFE 00

10000000

» 0863307

13

+16367E
v17607E
+18523E
+19150¢€
+19497E
¢« 19692¢E
+194587E
«19111E
1 18568€
2 17834
+16908E

«50723E
+20362E
+36473E
1 52977E
v63602E
861 63E
v10253E
+11308E
1 13421E
+ 14930
_'16367E

13

B1417E

«5B316E
+BRAOIF

oz
02
og
02
02
oz
02
02
02
02
o2

o0
01
01
01
01
01
o2
02
0z
o2
oz

00

0o
00

+3219466

s 0465407

14

»47356E

«44420F
«41740E

« S35 8E.

*»36931E
1 34725E
+32610F
130562E
+28556F
126568E
24567

+73702E
+21123E
+ ABB33E
+5108%¢€
»66621E
+ 32238E
+977387E
v»11318¢E
+12826E
+14291E
+15696E

I4

+14877E
+13955E
v 13117F

0e
oz
0z
02
oz
02
a2
oe
oz
oe
oe

00
01
01
0l
01
01
o1
oe
o2
02
og

01
01
01

+ 09098002

+0332410

15

1 58092¢
+54038E
+50353F
4698 8E
W4 3870E
+40962E
- «38225E
+35627E
+33136E
v 30720E
s PB4 6E

1 85037E
»21185E
»A4RILE
s 49230E
»63938E
«78827E
193751E
+10859€E
+12321E
v 13749E
115126E

I8

+18250E
+163977€
+15RPYF

10394923

10290692

02
02
oe
o2
02
o}
02
02
oz
02
02

00
01
01
01
01
01
01
02
02
02
02

4

01
01
01

Ié

v60421E
+B56534E
«BZ2908E
+49556E
s 464 33E
+43801€E
»40728E
»3IB0B4E
+A6S43E

+33077¢E

+30653E

+91960E
»20655E
»331B4E
v46419E
s 60114E
+ 7408B7E
+BB194E
«10231E
+11632E
»13008E
o1 4343E

16

+12004E
+17761E
2+ 16F2PPE

+ 0292094

+0279618

02
oe
oe
02
o2
ge
oe
02
oe
c2
o2

00
01
01
01l
01
a1
01
02
02
o2
02

o1
1
01

17

+H50966E
+57286E
+538HIE
o 50708BE
+47725E
4 4903E
vh2216E
¢ 39639E
+37149E
*34722E
«32331E

v 36992E
«20168E
231700
4 3892¢E
+56B02E
2 69957E
»83320E
v 9676BE
+11018E
+ 12343E
°}3636E

17
+19153¢

+17997E
-+ L6S28E

oe

02
02
02
0e
o2
oz
¢e
o2
o2

oz

00
01
01
ot
01
01
01
01
02
02
02

01
01
01

+0278213

v0277839 -

Dardy = O.

.18

«61070E
e 57533E
+54228E
e 51243F
+ 4B36RE
* 45635E
«43020F
s 40503E
0 38062F
«35676E

¢33320F

199961E
+13866F
+30819E
¢ 4253RF
+S4B0OGE
s 674 49F
+BO34OE
+93358E
+10639EF
+11930E
+13193F

I8

+19170E
+ 1BD7EE
»17085F

a2
o2
oe
ce2
0z
ag
oe
o2
na
ce
0

0o
01
01
01
01
01
ol

01

02
o2
oz

01
01
01

QR

«e71419E
+ 71 445E
+71466E
T1482E
¢+ 71495E
»71507E
+71519E
+718532E
+ 71547E
+71568E
¢+ 71597E

QR

oa
o2
o2

o2

oz
o2
oz
o2
oe
02
oz

11l « @B . AW . ANL
a3 e

I i/ B e 0 e W o

i O

-
-

»71412€ 00 WMo
«71445€E 00 M

t71466F 00

oC



~ 4@
41
Zle
6l
71l
Bloe
Sl
101

101
a].
8l
71
61
51
41
31
21,
11,

1.

REFLECTANCE FIELD

a2 2 U

v71026E 00
v67403E 0O
+63259€E 00
+58687E 0O
+53718E 0C
«48318E QO
+42377E GO

v12713E=C1
+17008E 0O
+28524E 00
+37455%5E 00
244 774E 0O
+5103E8E (00
+S56637E 0O
+61695E 0O
+66315E 00
+70506E QC
+74218E 0Q

ITERATION 4

s6DE

i
11l
2l
31
41,

51

6l
71,
8l
91.
101

It

«35743E
+34315E
«32944E
+31601E
«30262E
«28914E
s 27545E
+26143E
" 24698E
+23196E
«21617E

02
02
¢2
oF=
e
o2
G2
0z
02
02
0z

PowaUo WY
+67107E 00
+66362E 00
64832 00
*»562609E 0Q
+5375%8E Q0
+56312E 00
+52256E 00

+15677E=01
+81681E=01
+14769E 00
«21236E 00
+27504E 00
+«33538E 00
+39324E 00
+44849E DO
+50098E 00
+BEQ44E OO
+59641E 00

12

«eB527833E 02
243200E Q2
4538528 02
42372E 02
«4J208E 0Z
«37619E 02
+35170E 02
v 32829E 02
«30567E 02
+28356E QR
e26161E 02

Twuldligen VU
«61251E 0O
+61549€ 00
+61126E QO
+60039E 0O
+58333E 00
+56028E 00
«53117E 00

«15935E=01
+63970E=01
«11458E 00
¢16643E 00
v21866E 00
+27069E 00
« 32209 Q0
«37253E 00
2421 64E 0O
+46903E 00
+51417E 00

13

+B58305E 02
+54242E 02
«50563E Q2
+47172E 02
s 440458 02
+41128E 02
+383IB2E 02
v A5776E Q2
+33277€ Q2
+308B54E 02
+28473E 02

e

+11602E
+10909¢E
+10245E
+96014E
+89713E
+B3466E
+77181E

Vi
01l
01
01l
00
00
00
0o

sP2I1B4E=DY
+ 6635901
+11257E 00
+160B0E 00
+20930E 00
«25836E 00
+30724E 00
«35865E 00
+40294E 00
+44896E 00
*49311E 00

I4

+50162E
eH6141F
+52466E
1 49079E
«4593QE
v 42980E
+40194E
e 3754 4F
» 34999¢C
+32531E
+301i08E

g2
oe
0z

ge
o2
02
og
o2
g2
02

oe.

"E vy D

+»13782E
v 12869€E
+ 12009E
«11193E
+10410€
+96510E
+89050E

01

01
01
01
0o
00

v 26715E«0}
r66556E=0]
+10961& 0O
v»15466E 00
+20087E 00
t24764E 00
+29453E 00
+34113€ 00
+38708E 00
+43184E 0O
+47518E 00

15

o2
0z
o2
02
02
02
02
o
02
02
o2

160781E
«56937E
+53399¢
150116E
4 7O46E
' 441 55E
141412
»38791E
e 36266FE
«+33811E
+31397E

01

iV
«14587E
«13666E
+1279%E
+11964E
e 11166E
«10391E
+956300E

01
01
o1
01
ol

00

s 28R90E=01
+64RILE=-O1
«10425E 00
+145B3E 00
«18888E 00
+23275E 00
127707E 00
«32142E 00
«36542E 00
140865%E Q0
+45060E QO

16

oe
02
0g
oe
oz
oz
02
02
02
0z
oe

«60971E
+57304E
+53910E
«50743E
e 47766E
e 4494 9E
«42265¢E
+39691E
2 37204¢E
+ 34779E
«32389E

~+13R63E

01

»61016E

Tdvwwdi- WL

+14933E
«14107E

01
01
01
01
a1
01

«124653E
+11671E
+10908E
+101B7E

+30471E=01
+63328E=01
+99588E=01
138208 00
+17845E 00
+21978E 00
+26176E 00
«30401E 0O
+34615E 00
+3J8778E 00
+42839€ 00

17

o2
oz
gz
o2
o2
o2
02
02
02
02
o2

057“82E
+54198E
«51121¢
+48215E
v 454 63E
4 2B30E
«H0297E
e 3784 3F
13544 7E
+33082E

01

M R W A Li &

»15196€ Ot
+14337€ 01
«13518€ 01
*12724E 01
+11958E 01
+11208E 01
+10468E 01

+31404FE=01
+628411F=01
v36819F=01
¢+13364E 00
+17217€E 00
+21190F 00
»25240E 00
+29329FE 00
»33422E 00
v 37478E 00
v41448E 00

18

o?
ne
a2
0g
oF

e 61020E
+57862E
«54341F
«51317E
s 4B459F
P 45739E
v43136E
s 40629E
+38197€
+ 3581 8E
+»3346RE

o2
02
o2
02
o2

02

. L

+71495E
#71507E
+71519€
v 71532E
«71547E
+71568E
+71597E

Q0
00
00
00
00
00
00



il tbhionOk 00
91 «20554E Q1
Bls ~3S852E 01
71 *51066E (1
61l s66B24E 01
Sl +82639E 01
41 . »38369E 01}
31. «11389E 02
21 +12910E 02
11 + 143E5E 02

1¢ +16798E (2

PARAM = «0{0000

s JLd 83k
1 21286E
+35704E
+50696E
«65932E
v81403E
+S678B3E
«11201KE
»12697E
«14151E
e 15549E

REFLECTANCE FIELD:

68030000

RIKK) o 289464

U
o1
01
01
01
01

01

02
02
oz
02

+40318537

soD4 19k
+21166E
v34R817E
*49105E
+63766E
e 72861 4E
+93502E
+10831E
»12290E
e 13716E
+15091E

QQ
01
01
01
01
c1
o1
o2
oz
oa
o2

+30733222

vIJUIEGE
+20806E
v 33641E
47166E
v61129E
+75346E
e 8967 3E
«10399F
«11816E
¢ 13206E
¢ 14553F

126895428

ou
01

01

01
01
o1l
01
oz
0z
o2
0e

«eg41ylE
+20438BE
+ 32534E
e 453583¢F
+58670F
¢ 72290E
+B6073E

«99910E

v 11366E
+12721E
+14039E

Q0
01
01
01
01
01
01
01
02
02
G2

+ 25078058

-z

«ds168E
«20140E
v 31647E
«43900BE
«56683E
»6£69809E
+B3144E
+96567E
«10996E
«12319E
»13610E

oo
01
01
01
01
o1
01
o1
02
oe
o2

124087214

eI 0k
¢+ 19935EL
+31030E
4PRERE
+55285E
+6BO5SE
e81061E
+941865E
2+ 10731E
+12030¢
e13301E

i

o0
01
01
o1
01
o1l
o1
o1
02
o2
02

+10040E
e 13824F
v 30689E
+ 42323
e S4507E
«67075E
s 7TY9BSLE
2 392846F
«10B81E
+11B&7E
+13126F

01
o1
o1
01
01
01
01.
01
o2
0¥
02

v 23519987 23233533 .



"

BAND 2

INDEX = 1+200
B = «030 '
0 = 1000000000 WATTS/CM*#2
o= + 000000 + 000000 + 0000
5 = 1.000000 1.000000 1+0000
FJAUSSTIAN INTEGRAL
MU'S WEIGHTS
4413190150 125864875
k36549670 »19941813
;51544112 v 09470302
B7374948 205298041
™ 65537504 + 10702837
77638483 +1272120%
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FIg = LT3

+99999E (0% =
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*DO000E 0O=s4464BE=DT
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*13676E 46

+47740E=37

+19966E 46

\27536E 48

+000C0E 0On

s00D00E 0O

+0000DE 00
»44409E=15
.13331é 44
+S6424E=36
»13532E 45
¢ 94040E=37

«6083BE~17

+0NQOOE 00

+00000E 00

' 10295Ew8]

+13046Ew79=

«25760E 51
v47742E=2T7
 65828Em36
.27041E=38

+»94039E=37

+24686E=48wr24536E=05

*00000E 1

.ooooo. n

vj3126

v 4645

|

i

.94?50'-:

25759

E

.35265.-:

s kU064

+» 18875

i |

i

'
.

f

-30211'-§
o ll



R A

Y2l ld

‘RTDG = B&+4427
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FLE = +5008626 1350915
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1e «23387E 02 +19831F 02
ile  e23913E 02 «20935¢ 02
21» 235539E 02 «21511E 02
31e  ¢22723E 02 +21649E 02
41¢  21610FE 02 +21429E 02
le +20324E 02 +20916E 02
Ale  218921E 02 +20165E 02
71¢  +17422E 02 +19214E 02
51« +15829FE 02 +18090E 02
21e  +¢14118E 02 +16801E 02
i0le +12228E 02 +15334F 02
i0le +366R5F 00 +46001E 00
Sl +H0117E 01 +28224F 01
Sl +96881E Q1 528328 01
7le +12339E 02 +75111E 01
6le s 14456E 02 +96046E 01
S1e¢ «16277E 02 +11573F o2
41 +17923E 02 +13429€ 02
32l «19449E Q2 «15182€£ 02
Z1e  «20875E 02 +16836E 02
ile «22197E 02 «1B390E 02
1+ +23387E 02 +19831E 02
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v 20010E
+19621E
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+41298E
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¢ 777390E
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159669
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+276381E
244 83K
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*+713R8E 00
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*63850E CO
+59441E 00
+S54733E 00
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«4 4353 00
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«69735E 00
+73473E 00
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Q2
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+67320E
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63349E
+60362E
«56830E
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+48172F
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»23537E QO
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+36353E 00
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»47635E 00
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+S57773E 00
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«32338E
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.z
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e
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v 62932E 00

+63332E Q0
162864E 00
+61642E 0O
+5S978BE GO
+57278E Q0
«54p32E 00
«S08586E 00

1 15173E=01
«71781E=01
v12974E QO
+18753E GO
«24438E 00
+29994E QO
«35404E 0O
v40650E 00
«45715E GO
«B50873E GO
+55174E 00

I3

»44533E 02
417348 02
+391708 02
+36792E 02
+34558€ Q2
+32436E 02
+30402E 02
+28432E 02
126504E 02
+24594E Q2
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‘w481 85E

» 1 COB0E
«94BOEE
«39310E
¢ 23940
« 78635E
» 73348E
+67998E
»62485E
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00
00
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00
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00
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1 8746E=0]
+69448E=(1]
12233 00
+17988E Q0
v22928FE 00
+28206F QO
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+S2739E 00
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00
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Go
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«11483E
+10750E
+10084E
+ 94 459F
«RBIZBOE
+82236E
«7624T7E

121062E=01
+£D432E=01
+11276E 00
+16139E 00
»21060E 00
125986E 00
+30884E 00
+35724E 00
v40477E Q0
00

+49569E Q0

I6

e 45490F
24 3104E
s 40B66E
s 38742E
«36707E
s34741E
*» 32BDBE
» 30953E
+29102E
+27257E
«25391E

o2
0z
o2
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o2
02
oe
0z
G2
0z
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.-2?83“E

012004E
+11337E
«10697E
+»94733E
«BR783E
+52R80E
«76916E

01
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00
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»P3075E=QL
+60750E=01
»10166E Q0O
+14453E 0Q
»18R58E
+23331E 00
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+32337E
»368B06E
+41207E
OQE“BSE
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00
0o

1é

0z
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0oe
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oe
o2
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oe
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«45549E
¢« 43334E
«41238€
+39234E
+37298E
'35416E
+33575€
©31761E
+29963E
+2B165E
»26343F

00"
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" 42006E
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c1
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00
00
00

v12302E
*11688E
+110393E
+10811E
s 99375E
+93698E
«B8023E
»32276E

v24683E=01
+57370E=01
*93411E=01
+13168E 00
e17146E OO0
«21230E 00
25381E 00
*29548E 00
«33761E 00
v 37922 00
0o

17

o2
c2
e
02
o2
0z
o2
02
o2
oz
oz

45561E
v43462E
shidbsE
+ 3564 2E
+37678E
+3G887E-
+34069E
«32302E
s 30545k
+28784E
v 2699&E

00

+27355E

112451E
+11873E
»11307E
s10750F
+AD200F
+36521E
v 91025k
1854 44F

01
o1
01
01
01
00
oo
oo

+25674E=01
+55603E=01
v 8B923E=01
« 12455 Q0
+1618B4E DO
+20034F 0©O0
1 2396BE 00
127958 0O
+31971€ 00
+ 35373 00
+39%919F 0O

18

s 45562F
4 3824F
+ 4 1 580E
+ 39704F
+37879E
+36093F
0 34335E
» 32595€
e IORAZE
+291722E

pe
oz
ne

ce
oz
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nz2

165955
v 65964E
»65972E
»65980E
v65989E
«66001E
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¢ 66048E
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0le  «55662E 00
91+ _+22181E 01
Ble +39430£ 01
7le «56B26E 01
&le  2T7H1413E 01
51s  +91154E Q1
41s o1078&E 02
31, +12417E Q2
21, 214001E ¢2
11 215529 02
1e 169B4E QP
ARAM = +000000

+ 652903k
+21711E
+373910E
+S4408E
s 70944E
«87366E
+103%57E
+11348E
«138502€
+15007E
+16448E

EFLECTANCE FIEWD:

{KK)

+6B580747

e344042

0o
01
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01
01
01
G2
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02
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0g

+ 44546020

+6HB004E
«20619E
«35362E
«50578E
e 656008E
v81483E
v96906E
«11217E
+12718E
+14183E
+155396E

0o
ci
a1
01
01
a1
o1
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o2
cz2
og

«36856717

v72454E
«19964E
+J2899E
*46833F
+61119E
» 76593F
vS0137E
+10465E
2+ 11304E
+13317E
e14691E

00
01
01
01
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01
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o2
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2
oz

133271611

s 76174E
¢ 187 45E
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s H3I7RIE
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+98225E
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01
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a2
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00
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01
01
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oe

v29577386

— A e N

+809B9E
+17807E
' 28583¢E
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«77184E
+90011E
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»11575E
+12840E

f
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J\é..ém
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0l
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01
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S Y O K |
| EIso-momc Sc,q TTF.FLIUG-J
.9995r

3T~DEX’='-° O = L.l Micoas

Swag Diwped Twro S BANDS L L oo iecrons
| A0 — oo MIeRoONS

NDS = 101

-Trg;; 94999999F w1 ToTAL REQULLTS ARE ComPARABLE T

= A1 |

Towom =1 A SINGLE SLABR SulTECT TO AN TwWeiDEMNT

ENDS = 1230000000 RADIATIVE Funx oF 4S9 %6 WaTrs/cm’
2 3 : |

SPECIAL == 2 STANDARD =e 1
TEMPD = 1 o o | |
TEMP = 540.000 . 5404000 5404000 540000 540:000 540.000 540+000 5404000 540000 B40+000
(KELVIN) SR : | .



- 540,000 SQOGOOQ’ 540+000 S40¢000 540-050 54C+000 540000 5404000 540+000 540.000°
5400000 540+000 .5400000 540000 SﬂOoCOO 540000 540,000 540000 540000 S540.000
54b0000 5400000 5404000 5404000 540000 S40+000 5404000 6404000 540+000 5404000
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540000 540+000 5404000 5400000 540000 5404000 540+000 5404000 540+009 §40.000
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INTENSITIES IN WATTS/CMx#2/STERADIAN
FLUXES IN WATTS/CMus2

FLUX DIVERGENCE IN WATTS/CM#%3
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46 ~532468E (2
45«  253%519E 02
b4« «5377CE 02
43+ 86Q022E Q2
b2« #60R273E 02
41 605285 02
40« 16Q777E Q2
3%« «H1028E Q2
38+ +61281E 02
37« «A1533E D2
36«  +61785E Q2
35« 262038 Q2
34%e  #4622391E 02
A3« «B2B44E 02
32«  +62797E Q2
31 +<63051FE Q2
30«  +63305E 02
29s  +£3559E Q2
28+¢ «H3IBI4E 02
27+ «64049E Q2
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25+  +H4581E (2
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RIKK) = 882550

+57778E
+S8031E
+SB284E
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+60808E
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1 66707F
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+6R32TE
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G2
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az
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